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ABSTRACT 


A model was developed to represent the interdependence 
of various industries in Alberta. This model was used to estimate 
the effect which increased wellhead petroleum prices would have on 
some industries in this Province. It was concluded that if the 
wellhead prices of crude oil and natural gas were to increase 
annually to 1985 values of $7.21/barrel and 81.72¢/mcf, respecti- 
vely, then this could cause yearly increases of the order of 3%, 


in the prices of commodities produced in Alberta. 
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CHAPTER I 


INTRODUCTION 


It has been predicted (1, 2) that the prices of wellhead 
natural gas and crude oi] will increase significantly over the next 
decade. Consequently, it would be extremely useful to estimate how 
industries in Alberta would be affected by increases in the price of 
these commodities. 

One method of determining the effect on an industry of 
changing wellhead petroleum prices is to estimate the increase which 
it would require in its product price in order to maintain a suffic- 
ient return on investment. If a large increase in the price of the 
industry's product is needed then this would imply that the industry 
could be seriously affected by greater wellhead petroleum prices. 

This thesis will analyze the changes in the product prices 
required by some industries in Alberta which would result from speci- 
fied wellhead natural gas and crude oil prices. In estimating the 
correspondence between an industry's product price and wellhead pet- 
roleum prices it is necessary to consider the interrelationships 
between the industry and the other industries with which it is in- 
volved. 

Consider the farming industry. The prices of many products 


used by farmers are dependent (directly or indirectly) on wellhead 
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petroleum prices. The farmer consumes refinery products (gasoline, 
diesel fuel etc.) in the operation of his machinery. Before these 
products reach the farmer they must be carried by pipeline to the re- 
finery. They are then processed and brought by truck to the farmer 
via a distributor. The price paid by the farmer for refinery products 
will depend on the wellhead crude oi] price. It will also depend on 
pipeline, refining, trucking, and distribution costs. Each of these 
costs are dependent on either natural gas or refinery product prices. 
Consequently, the cost of refinery products to the farmer will become 
greater because of the increasing costs of the intermediate industries 
as well as because of the new crude oi1 prices. Therefore the new 
costs of refinery products to the farmer should not be estimated with- 
out considering the intermediate industries. 

Consider the fertilizer used by the farmer. This would 
appear to be independent of petroleum prices. However, this is not 
correct. Ammonia is used in the manufacture of fertilizer. In 
Alberta ammonia is produced by a process which consumes large quantities 
of natural gas as a feedstock and as an electrical power source. Con- 
sequently, an increase in the price of wellhead natural gas will 
ultimately affect the price of fertilizer. The cost of fertilizer to 
the farmer also depends on the price of the refinery products consumed 
in transporting the fertilizer to the farmer. 

Similarly, it can be shown that most of a farmer's operating 


costs are affected by wellhead petroleum prices. His capital costs also 
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depend on these prices. Consider the cost of constructing a farm 
building. The construction materials must be transported to the farm. 
The cost of this transportation will increase with the price of crude 
oil. Cement is used in the construction of a farm building. A large 
amount of natural gas is required in the production of cement. Thus 
by considering only two of the costs involved in constructing a farm 
building it can be seen that both wellhead natural gas and crude 
prices affect the farmer's construction costs. 

It has been shown that a farmer's expenses, and consequently 
his product prices, depend on the petroleum product usage of other 
industries. A similar situation exists for most industries. Thus to 
predict the product prices of industries in Alberta it is necessary to 
consider these industries together as a joint unit which shows their 
interrelationships. 

Twenty-eight industries were examined in this thesis. A 
model was developed which showed the interrelationships between the 
product prices of these twenty-eight industries. The dependence of 
their product prices on wellhead petroleum prices was also incorpo- 
rated in the model. This mode] was then used to predict the changes 
in product prices of various Alberta industries which would result if 


certain wellhead petroleum prices occurred. 
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CHAPTER ITI 


LITERATURE REVIEW 


An economic system is a group of industries which are 
interconnected in some way. Each system industry will have inputs 
(costs) from some of the other system industries. There will 
probably be feedback loops in the system. For example, consider 
two industries A and B which use each others products. An increase 
in the price of product A will cause the price of product B to be 
increased because of its greater operating costs. Product B's 
price change will increase industry A's costs and consequently, its 
product price. This situation, of successive increases in the 
prices of the two products, will continue until a set of equilibrium 
prices is obtained. 

There are methods in the literature for analyzing eco- 
nomic systems. These methods are based on the approximate representa- 
tion of the interrelationships between the industries of the economic 


system in terms of simultaneous equations. 
1. LEONTIEF'S OPEN STATIC INPUT OUTPUT METHOD (3,4,5,6,7) 


This is the classical method for the practical modeling of 
an economic system. The final demand (y,) for a commodity 7 repre- 
sents the amount of the commodity sold to consumers which are not 


members of the economic system being studied. In his static model 
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Leontief assumed that there is no accumulation of any of the products 
produced by the economic system. Thus the amount of commodity i 


produced by industry i (x; ) is either consumed by the system indust- 


n 
ries j ( }) a; 5X) or sold to the final demand sector (y;). In the 
j=] 


form of an equation this is 


where x, is the physical output from industry i. 


aij is the quantity of commodity i required by industry j 


to produce one unit of product j. 


a, 5X, is the total amount of commodity i which is consumed 
DY ALNGUS THY. .3< 
y; is the final demand for product i. 


n is the number of system industries. 


Leontief assumed that the revenue obtained by each system 
_ industry i is just sufficient to cover the costs (including interest 
on debt and profits) incurred in its production. Thus the revenue 


obtained from the sale of one unit of commodity i(p,) is equal to 
n 

the cost per unit product ( ) a5 5P, 

Je 


duced by the system industries plus the cost per unit product (v.) 


p.) of using the commodities pro- 


of using commodities (including capital) obtained from outside the 


economic system. This can be stated in the form of an equation as 
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where a54P; is the cost of the amount of commodity j which industry 
i requires to produce one unit of commodity i. 
If all the ai3/s (technical coefficients) and y.'s are 

Known then it is possible to determine each of the X,'S from equations 
(1). In equations (2) there are 2 n unknowns (the p.'s and the v.'S). 
To solve these equations it is necessary to specify n of the unknowns. 

| Leontief also developed a closed static input-output model. 
In this model there was no flow of materials and money out of the 
system. In this model V. and y; are zero TOY allel. “nis model= 1s 
not convenient for practical applications and is generally not used. 


DISCUSSION OF LEONTIEF'S STATIC PRICE EQUATIONS 


There are five major assumptions inherent in Leontief's 

static price equations and they are as follows: 

1. each industry produces only one commodity, 

2. no two industries produce the same commodity, 

3. there are constant returns to scale (for each industry 
the required physical inputs per unit product are in- 
dependent of the amount of output produced), 

4. there is no substitution possibility between the various 


input ingredients, even if the prices of competitive 
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materials vary, and, 

5. the economic system will achieve an equilibrium situa- 
tion where the price of each commodity is such, that 
for each industry revenues are equal to costs (including 
dividends etc.). When the equilibrium situation has 
been reached the commodity prices will then become in- 
dependent of time unless the V, values (external costs) 


are made time dependent. 


Assumptions (1) and (2) (one different product per industry) 
obviously restrict the use of Leontief's system. However, they do not 
present an insurmountable obstacle. For example, if industry A pro- 
duces both wheat and potatoes then it would be assumed in Leontief's 
models that industry A produces one output which is wheat-potatoes. 
This assumption is necessary in most input-output applications as 
generally not enough data is available to consider multiproduct in- 
dustries. 

Assumptions (3) and (4) (constant returns to scale and no 
substitution possibilities) imply that the technical coefficients 
(the ai5's) are fixed. These assumptions are necessary unless suf- 
ficient data is available to predict the effect of future technoli- 
gical and commodity price changes on the technical coefficients. 

Assumption (5) leads to a set of equilibrium prices. Un- 


fortunately these equilbrium prices do not depend on prices which 
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actually existed in earlier years. Consequently, a set of prices 
can be obtained which are very different from actual values. This 
assumption can be eased slightly to make prices in any year depend 


on prices in previous years. 
2. LEONTIEF'S DYNAMIC INPUT-OUTPUT MODEL (3,4,5,6) 


Leontief's dynamic output equations are an extension of 
equations (1). In his static model Leontief only considers flows 
of commodities. Leontief's dynamic model allows for the fact that 
inventories of commodities change with time. The previously dis- 
cussed technical coefficients are supplemented in the dynamic mode] 
by a set of capital coefficients which are also considered to be 
fixed values. 

Leontief's static price equations were also modified to 
allow for varying inventories. Leontief's dynamic price equations 
were not used in this project because sufficient data was not avail- 


able to consider inventory changes. 
3. CLOPPER ALMON'S MODELS 


Clopper Almon (8, 9) refined equations (1). In doing so 
he was forced to assume that commodity prices remain constant. Con- 
sequently, Clopper Almon's models were not used as the purpose of 


this project is to predict price changes. 
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4. MORISHIMA'S MODEL 


In his model (10) Morishima uses a set of equilibrium price 
equations which are very similar to equations (2). The use of 
Morishima's equations on a year to year basis would inherently contain 
the assumption that if the construction industry's costs in year t 
were to increase by x% then the depreciation (due to construction) 
expense of every industry in the economic system would also increase 
by x% in year t. This assumption was not considered acceptable. 


Consequently, Morishima's model was not used in this project. 
5. SOLOW'S MODEL 


Solow (11) derived a set of price equations which relate 
commodity prices in year ttl to their prices in year t. Solow used 
the equation derived by Morishima to allow for depreciation expense. 
Morishima's treatment of this expense was found unacceptable. Con- 


sequently, Solow's model was not used. 
6. GENERAL EQUILIBRIUM THEORY (4, 12, 13) 


If sufficient data is available then this theory can be 
used to evaluate the values of resources, commodity prices, and the 
production of each commodity and resource. In order to use this 
theory the amount of each resource which will be consumed per unit 


product in each process must be known. Resource value-demand and 
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commodity price-demand relationships must also be available. 
The general equilibrium theory was not used because it 


required much more data than was actually available. 


7. VON NEUMANN'S MODEL OF AN EXPANDING ECONOMY (3, 4, 14) 


Von Neumann's model is only useful for theoretical pur- 
poses. Von Neumann allowed for multiproduct industries. He also 
made provision for different industries producing the same product. 
The introduction of these refinements produced sets of equations for 
which it was possible to obtain several solutions. More than one 
solution could be obtained if the number of commodities produced by 
the economic system was greater than the number of industries in the 


system. 
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CHAPTER III 


SELECTION OF A MODEL AND ITS RELATIONSHIP 
TO LEONTIEF'S STATIC PRICE EQUATIONS 


The price equations studied in the literature were not 
used in this project. Some of these equations were too rigorous 
and sufficient data could not be obtained for their utilization. 
The errors involved in estimating the unavailable data would have 
eliminated the extra accuracy obtained by using these equations. 
Other equations were too simple and did not permit the use of in- 
formation which could be easily acquired. Thus the model which was 
developed was a result mainly of the form in which data was available. 
The model used in this analysis will now be compared to 
Leontief's static price equations. In equations (2) the cost to in- 
dustry i of using the amount of commodity j which it requires for 
en lS scnee quant ity 10n 


ji 
commodity j required by industry i to produce one unit of commodity i. 


unit production is written as a5 5P5> where a 


The term P; represents the price of one unit of product j. 
To use equations (2) it is necessary to know the values of 


the a5; S- Much of the data available gives the breakdown of an in- 


dustry's costs in terms of dollars but does not give the physical 


amounts of inputs (a..) which it uses. Consequently, it was necessary 


ji 
to replace the a5; values by coefficients which could be evaluated. 
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This resulted in the following set of equations: 


n 
paar ) sop cost; + Vv. (3) 


where op cost. is the cost to industry i of buying the amount of 
commodity j which it requires for unit production. 

V. represents the cost of using commodities (including 
capital) obtained from outside the economic system. 

It is assumed that all of the terms in equations (3) are 
time independent. This assumption is not valid for the situation 
examined in this thesis. Consequently, equations (3) are modified 
to make their variables time dependent. This results in the follow- 


ing set of equations: 


p; (t) = 


tons 
— 


op cost ;;(t) + v,(t) (4) 


where t is the year in which the equations are being applied. 
The v, (t) terms are now expanded because sufficient data 
is available for some industries to estimate the components of these 


terms. This is done in the following set of equations: 


v,(t) = BIE, (t) as PROF. (t) i RO, (t) r RG; (t) iS) 
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where BIE.(t) is the interest on debt capital, per unit product, 
which industry i must pay in year t. 
PROF. (t) is the profit (before payment of income taxes) 
per unit product which is required by industry i in year t. 
RO; (t) is the cost to industry i of buying the amount of 
wellhead crude oil in year t which it requires for unit production. 
RG. (t) is the cost to industry i of buying the amount of 
wellhead natural gas in year t which it requires for unit production. 
Equations (4) and (5) are combined to give the following 


equations: 


[Seyi < 
— 


p(t) = op cost; (t) + BIE. (t) + PROF. (t) 


j= 
+ RO, (t) + RG, (t) (6) 
thal Poy J Pesala ey 

Equations (6) are the basic equations of the model. The presence of 
the RO; (t) and the RG, (t) terms enable the effect of increased well- 
head petroleum prices on the prices of the commodities produced by 
the economic system to be measured. Equations (6) are manipulated 
in Appendix A to yield further equations. The solution of these 
equations estimates the increase in prices of the commodities pro- 
duced by the economic system which would result from various wellhead 
petroleum prices. 

The assumptions made in Appendix A will be discussed in the 


next chapter. 
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CHAPTER IV 


DISCUSSION OF THE ASSUMPTIONS MADE IN THE 
DEVELOPMENT OF THE MODEL EQUATIONS 


In the development of equations in Appendix A the following 
major assumptions were made. 
1. Each system industry produces only one commodity. 
2. No two system industries produce the same commodity. 
3. The quantity of commodity j required in the production 
of one unit of commodity k is constant (i.e. there are 
fixed technological coefficients). 
4. If the revenues per unit product of industry j (except 
for the natural gas utility) become greater in year t 
then the cost of product j to all industries in that 
year will be increased in the same proportion. 
5. For each system industry the ratio profits (including 
income taxes)/revenues is constant. 
6. The ratio interest payments/revenues is constant for 
each system industry. 
The above assumptions were made in order to develop a model which 
would fulfill the following two requirements. 
1. It must yield unique solutions (values of commodity 


price changes) for specified wellhead petroleum prices. 


14 


ytiloetins eam xlno 2saqpov veteche7 peng fed & 
As thane sone ae) hubog aeiotiaull colts OO Ee 
Rotasubors Sar mttaer iiess | yt thon) | tor we Pompup gal, oF 
cen tert) .o<¢) 2uetouws> 2! + errr: to Hay cae te . 
santo ees Tastgetamisas boxtt 

Samah) 7, uxsabhdl Oo seat ey ssG.s0eve ane ee a 
) ape of aateerg acesad (vit! dhe Eng) Truidan gab SOT 
See) ft PaPoxenbar bls at Pauyors ¥o. 1200 GAD Game 
i eenaeg Smnd-old mt beralton) ach T1tw We 
ehieeloni) c2Méxt. cle ot Vieiohawta mesa A a 


rif ruhd 52h, S300 \( 2o3 62 aint > 
Sot Soptiany 2s soldave\ziewnet Zao pon’ chite a iT} 
Acrseabitt OF OB he .~ ) - 


ave Tehet 5 qo) aod ot vb fA! "shan Sod ent ava aE) 
Seamer eel sere te) ae Ce iet bia _ 


yxibomecs tr, 2euT av) terial ue ct ofa Seu a | 
easier ferry bingnt Fev he ¥tesogt ve Legace ante, ; 


7 

7 
: 
tie: 
_ 
~ 


15 


2. Sufficient data must be available for its use. 

While the assumptions were considered necessary it was also 
recognized that they represented departures from reality. The pos- 
sible significance of these departures will now be discussed. Con- 
Sider an oi] refinery. Assumption 1 will lead to the conclusion that 
if the refinery's costs are increased then the price (at the refinery 
gate) of all its products (gasoline, asphalt oil etc.) will be in- 
creased in the same proportion. This probably will not occur. Gaso- 
line and asphalt are sold under different market conditions. Thus 
the refinery product which faces little competition will have its 
price increased more than the product which must compete strongly with 
other commodities. A similar situation exists for other multiproduct 
industries. 

Assumption 2 can be considered realistic for the Alberta 
industries analyzed. This is because it is unlikely that any two of 
these industries produce significant quantities of the same commodity. 

Assumption 3 could be considered to be a major source of 
inaccuracy in the utilization of the model equations. Use of this 
assumption means that possible changes in the quantities of different 
commodities consumed by each system industry were not considered. 
Changes are likely to occur because of: 

1. technological advances, and 


2. changes in the relative prices of different commodities 
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(particularly energy sources) which could lead to an 
industry using another commodity in place of the one 
which it traditionally used. 

The maximum departure from assumption 3 could occur in 
those technological coefficients which are related to energy sources. 
There are many sources of energy (refinery products, natural gas, 
nuclear power, coal, electricity etc.) available. Each industry 
probably has a choice of using at least two of these sources. The 
one selected will depend on the relative prices, the availability, 
and the reliability of the different choices. It will also depend 
on many other factors. The variables on which the selection of an 
energy source depends will vary with time. Thus the relative quan- 
tities of different energy sources used by a particular industry will 
also change. 

Consider the electric power generation industry. Natural 
gas is used as a fuel for many power plants in Alberta. Because of 
the increasing price of natural gas most of the new generators to be 
constructed over the next decade will probably be based on coal-fired 
units. Consequently, the quantity of natural gas which is used in 
the production of one unit of electricity (technological coefficient) 
will decrease with time. Therefore, the effect of natural gas price 
increases on the price of electricity is probably overestimated by 


using 1972 technological coefficients. 


dla : 
cgcantadtttae aa y's 
ae YeMane 08 wadel on. ove. lity cinstay eo ee ee 
Shae tavasan etackerq: Want tar) ving Yo zanvege ae A 
Criimibht Wind’ ofdat leva (Laswrettsresasts «fies woe watson 

Gil aoa 7dr Seed 10 aed daca! Sow te to sat gry vr eon hetedang, 

ee es ie ie a a ieeqob *) 
bee cota TY ti dr. ataTbtacaaeray? ib an2- te 9! naanneabe as 
de ee eon Sao Tt oo Sathana aay .noiow is ae ga te 


amis OViecTs* Sif cont ont! aeiwiewe 110 =ngieb OSMAN yivene 
tlie werdeien!. se voiiunn «6 yd. beeu eeavoa yo}sns Ineverese ta 20egt . 
_oqatada ott : 


teensat: gvorsuinty not Semsegn qeie OT cabo ont) woe 
fe Geuiene atewels ah otnele ee Anarrcio? forte ce betes 2? aa 
adi stat e- deer wor ode Jo Thaw dap Tesutcn to stv geraemnome, ate 
SEA Tiy vo beeed ad yf aedong (Thy Risooh taan ody rove GepamesIES 
Ht boey ch tothe eae Torusan In ighsop Bs yh teageened attow 
<) (fteetatvtens: reofvertnatin)- esttoa Te trtnu N09 oe 
Daa an bernie’ 70288079 nts, erates al a nara le 
+ Perea gated © Wiskersef Ne ship my Ao abaeNEP 2 
|  instaittous Tealvofonued S8@t gatay| 


It could also be shown that most, if not all, of the tech- 
nological coefficients vary with time. Some of these coefficients 
may vary considerably while others may display changes which are in- 
Significant. To estimate the magnitude of the error involved in 
using fixed (1972) technological coefficients it would be necessary 
to predict for each year until 1985, the changes which will occur in 
each technological coefficient. This would require very detailed 
research. 

Assumption 4 is based on the following two suppositions: 

1. if the average price of any commodity j (excluding 

natural gas supplied by utility companies) is raised 
by x% then so also will the actual prices paid by the 
industries for this commodity. 

2. the effect of inventories is unimportant. 

Supposition 1 would appear to be reasonable if all of commodity j is 
sold to the same type of consumer. Natural gas is sold to three 

_ different consumer categories (industrial, commercial, and residential). 
The cost incurred by the utility companies in supplying natural gas 

will depend on the type of consumer to which it is being sold. Because 
of this, natural gas was excluded from supposition 1. Instead it was 
assumed that the difference in price paid by the three consumer cate- 
gories for natural gas would remain constant with time. This 


assumption is discussed in more detail in Appendix C. 
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The significance of supposition 2 can be seen from the 
following simple example. Industry A uses commodity B as an input. 
The price of this commodity is increased at the beginning of year t 
and is constant for the remainder of the year. Industry A has a six 
months supply of commodity B in its inventory. Thus industry A's 
input costs do not increase until the middle of year t. Consequently, 
the average increase in cost in year t to industry A of using com- 
modity B will be less than the increase in the price of this commodity. 
Thus supposition 2 would appear to be an oversimplification in that 
it ignores the effect of inventories. This may be true for a short 
term analysis. However, when a time span of 13 years is being an- 
alyzed the error introduced by neglecting the effect of inventories 
will not be important. It is not too significant that average prices 
are predicted for 1985 which would have been predicted as the average 
values for June 1985 to June 1986 if the effect of inventories had 
been included in the model. This is particularly true in this an- 
alysis where the 1985 values of input variables (the wellhead pet- 
roleum prices) could actually occur in 1980. 

Assumption 5 implies that the price of a commodity is de- 
termined only by the costs (including profits) incurred in its 
production. This means that the effects of competition are ignored. 
This would be reasonable if the industry producing the commodity was 


not in a competitive situation. It would also be reasonable if the 
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prices of the industry's product and competitive commodities were 
expected to increase by similar amounts. However, the price of 
competitive commodities (including imports) could remain below the 
industry's product price, as determined by an analysis of its costs. 
In this case the industry could be forced to lower its price (and 
consequently its profits) in order to remain in a competitive po- 
Sityon: 

Assumption 5 also implies that income taxes will remain a 
constant percentage of revenues. As it is not very certain how income 
tax laws will change in the future this implication cannot be con- 
Sidered unreasonable. If the income tax laws were to change signi- 
ficantly then this would obviously affect the prices of commodities 
produced in Alberta. 

Assumption 6 means that if an industry's total costs 
(required revenues) are increased by a certain percentage then so 
also will the amount of long term debt capital which it has borrowed. 

Assumption 6 also implies that the interest rate on long term debt 
capital will remain constant. It would have been easy to include 
variable interest rates in the model. It was decided that this would 
not necessarily improve the accuracy of the model. This was because 
future interest rates could not be predicted with sufficient accuracy. 

The other major inaccuracies are incurred in: 

1. representing construction expense, 


2. representing products which are not produced by the 
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system industries, and 


3. estimating data. 


1. REPRESENTATION OF CONSTRUCTION COSTS 


There are essentially two types of construction expense 
and they are as follows: 

1. repair construction 

2. new construction 
These construction expenses are treated differently in the deter- 
mination of an industry's product price. 

Repair construction is considered to be an operating cost. 
Thus any increase in an industry's repair construction expense wil] 
result in an immediate increase in that industry's product price. 

New construction is treated as a capital cost and is spread 
over a number of years. The full impact of an increase in an in- 
dustry's new construction costs is not shown immediately in its pro- 
duct price. The conventional methods of allocating construction 
costs to different years were not used in this thesis. In applying 
these methods for predictive purposes it is necessary to estimate the 
future construction which will be undertaken by different industries. 
This could not be done with sufficient accuracy. Instead a very 
simple approach requiring little data was used. This approach is out- 


lined in Appendix B. 
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For certain industries previous values of their depreciation 
(due to construction) expense were known or could be estimated. The 
construction expense of these industries was treated as a capital 
cost. For other industries depreciation values were not known. How- 
ever, previous values of the repair construction expense of some of 
these industries were available. This expense was treated as an op- 
erating cost. 
The representation of the construction expense of each 
industry resulted in inaccuracies either because 
1. data was not available to represent the depreciation 
(due to construction) expense of the industry, or 
2. if data was available then it was necessary to make 
assumptions in order that the effect of increasing 
construction costs on the industry's depreciation ex- 
pense could be estimated. 
For some industries sufficient data was not available to permit a 
representation of their depreciation expense in the model equations. 
For these industries depreciation expense was included in the “other 
expense" term. This latter expense represents the difference bet- 
ween an industry's revenues and its costs (including profits) which 
have been accounted for in the mode] equations. "Other expense" is 
treated as an operating cost. Thus if depreciation is included in 


"other expense" it is treated as an operating cost. Thus an immediate 
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increase in an industry's construction costs would result in an 
immediate proportionate increase in its depreciation expense. If 
depreciation expense had been included as a separate entity in the 
model equation representing the industry then the full impact of 
increasing construction costs would not be felt immediately in this 
expense. Thus the inclusion of depreciation expense in “other ex- 
pense" results in an overestimation of the effect on an industry's 
product price of increasing construction costs (due to increased 
wellhead petroleum prices). 

For those industries where depreciation was considered 
as a separate entity it was necessary to make certain assumptions 
(displayed in Appendix B). These assumptions probably resulted in 


an underestimation of the effect of increasing construction costs. 


2. REPRESENTATION OF PRODUCTS WHICH ARE 
NOT PRODUCED BY THE SYSTEM INDUSTRIES 


Each of the first twenty-seven industries in Table A-] 
use part of their revenues to pay for “other expense". In order 
to estimate the effect on "other expense" of increasing wellhead 
petroleum prices it was necessary to create a dummy industry. It 
was then assumed that the "other expense" per unit product of each 
industry would increase at the same rate as the revenues required 


per unit product by the dummy industry. 
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There are 110 industries in Table 13 of the 1961 Canadian 
Input-Output Tables (15). The dummy industry is defined to be the 
sum of those 110 industries which are not members of the first 27 
industries considered in this analysis. Wellhead petroleum producers 
are also excluded from the dummy industry because the input from 
these industries to the 27 industries is included elsewhere in the 
model equations. 

The following costs are included in the "other expense" 
term: 

a. depreciation of assets which are not produced by the 

construction industry. 

b. the costs of commodities and services which are not 
produced by the system industries. 

c. the costs of commodities and services which are pro- 
duced by the system industries but which were not 
included as inputs from these industries as their 
values were not available. 

The error involved in the introduction of the “other ex- 
pense" term will depend on the values of its three components. Con- 
Sider an industry whose depreciation of machinery expense accounts for 
a large percentage (10%) of its total costs. The inclusion of this 
expense in "other expense" would cause the effect of increased well- 


head petroleum prices on the industry's product price to be over- 
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estimated. This is because "other expense” is assumed to be an 
operating cost whereas the expense of using machinery is a capital 
cost. The inclusion of costs under b and c in "other expense" 

would introduce errors in the results if they are affected dif- 
ferently. than the dummy industry by increased wellhead petroleum 
prices. The magnitude of these errors will depend on the percentage 
of the industry's expenses (including profits) which are due to 
these costs. It will also depend on how great is the difference in 
the effect of increased wellhead petroleum industries on the costs 


under b and c and on the revenues required by the dummy industry. 


3. ESTIMATION OF DATA 


In order to use the model equations it was necessary to 
obtain a large amount of data. Some of this data was not available 
and it had to be estimated. The assumptions used in estimating 


data are displayed in Appendix D. 


7 


sgiberers is no bageb Tiw crocs aawiy Yo shot tng 


- 


Stomup one Actiw (e20horg AoThalosh)’ Geansgne.< "eve 


nl peprishith ety cf spary yan nosningyyh Gels: (ea ene 
#8805 ot) ng eSfrtauber: vbsletied opal awd a) 4 


Laripeetanl igmiek ote yet beam eounsyar div ie ‘iat a : 


STAR =O NOTRATZS...t 7 se 


Sh ymernane aan th 2notdeyye ghaw sp? sou ob Taba in 
Sfdst fave tow 20 ateb cts Vo, oe aise Yo 2ectuek: eel SERS 
getenttia af bag cnotige’ése si vitenttse ad oF ais 

2 titesmy a hoyeiqath ag 


CHAPTER V 
CAUSES OF WELLHEAD PETROLEUM PRICE INCREASES 


It is becoming very obvious that there will be increases 
in the price of wellhead petroleum products in Alberta. Some of 
the major causes of these price increases will now be discussed. 

Alberta petroleum producers have always been affected by 
conditions in the United States of America. Consequently, the 
Situation of wellhead petroleum products in that country will now 
be examined. In the past year the U.S. has experienced difficulties 
in meeting its crude 011 requirements even with the aid of imports. 
The situation will become very serious in the near future. This is 
because the demand for crude oil is increasing rapidly and the U.S. 
and Canadian production of this commodity is not expected to keep 
pace with it (16). Consequently, the U.S. will import as much 
crude oil from Canada as it is permitted. This situation will exist 
until cheaper non-petroleum energy sources are available. 

The U.S. will also buy as much crude oil as possible from 
South American countries. Eastern Canada obtains most of its oi] 
from these countries. Thus in the future Eastern Canada will have 
to compete with the U.S. for its imported oi]. This competition 
will raise the price paid in Eastern Canada for this commodity. 
This will result in an increased wellhead price for crude oi] in 


Alberta. 
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There is a shortage of natural gas in the U.S. (17, 18, 
19). Unless major gas fields are discovered this excess of demand 
over supply will increase in the future. This will result in an 
increasing demand for Alberta gas. 

The price of natural gas was kept artificially low in the 
U.S. by the regulations of the Federal Power Commission. These 
regulations have now been lifted. This should result in natural 
gas approaching its true market value. 

Both the Energy Resources Conservation Board (20) and the 
Lougheed government are of the opdinion that natural gas in Alberta 
is underpriced and that this situation is not in Alberta's best in- 
terest. Thus it seems that even the price of previously contracted 
gas will be increased as the Alberta government has the power to 
influence these contracts. 

When gas from the Arctic passes through Alberta in the 
early 1980's its value in a central Alberta location could be about 
three times the present average wellhead price of Alberta natural 
gas (20). This is bound to increase the wellhead price of natural 
gas in Alberta. 

In conclusion it can be stated that the prices of wellhead 
petroleum products will be increased because: 

1. the U.S. demand for these materials iS increasing more 


rapidly than its supply, 
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Eastern Canada will face more competition for its 
imported crude oil, 

the Federal Power Commission has lifted its price 
regulations, 

the Lougheed government considers that the price of 
natural gas should be increased, and 

Arctic gas passing through Alberta will have a much 
higher value than the present price of Alberta well- 


head natural gas. 
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CHAPTER VI 


WELLHEAD PETROLEUM PRICES 


The National Petroleum Council (2) estimated future well- 
head petroleum prices (in constant 1970 dollars) which would be 
necessary to support certain levels of exploration and development 
activity. The two extreme wellhead crude o0i1 price profiles men- 


tioned in this source are shown in the following table: 


TABLE VI-1 
CRUDE OIL PRICE PROFILES 
($/bb1. ) 
YEAR LOW PROFILE HIGH PROFILE 
eyes 3.54 S70 
1980 4.26 SE ne 
1985 5.06 Tae) 


The two extreme wellhead natural gas price profiles con- 


sidered by the National Petroleum Council are displayed in the next 


table: 
TABLE VI-2 
NATURAL GAS PRICE PROFILES 
(¢/mcf ) 
YEAR LOW PROFILE HIGH PROFILE 
1975 25.1 28.5 
1980 27.6 40.9 
1985 Slee 59.4 
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The prices of wellhead petroleum products in Alberta will 
be nearly equal to those in the U.S. Consequently, the petroleum 
prices shown in Tables VI-1 and VI-2 will be used as a basis for 
estimating the effect of increased wellhead petroleum prices on the 
twenty-eight system industries. 

Dr. J. T. Ryan (21) considered that wellhead natural gas 
prices could become greater than those suggested by the high price 
profile in Table VI-2. Consequently, he suggested an alternative 
natural gas price profile. The effects of this profile were examined. 

Petroleum prices suggested by Sherman H. Clark (1) and 
natural gas prices displayed by Roger F. Naill (22) were within the 
price range of the price profiles already mentioned. Consequently, 
the possible effects of these prices were not investigated. 

The purpose of this analysis is to estimate the inflat- 
ionary effect on the products of the system industries which would 
be caused by greater wellhead petroleum prices. Other inflationary 
causes are not considered. Thus the model estimates the extra 
revenues/unit product which the system industries would require 
merely as a result of increased wellhead petroleum prices. The 
revenues/unit product will in fact increase more due to other in- 
flationary effects. 

The model determines the price of a commodity in year t, 
relative to its price in year t-1, which would result from in- 


creased wellhead petroleum prices. To accomplish this it must be 
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supplied with the prices of wellhead natural gas and crude oil re- 
lative to their prices in year t-1. The increases in the prices 
(expressed in actual dollars) of the system products due to in- 
creased wellhead petroleum prices will depend on the prices (ex- 
pressed in actual dollars) of wellhead natural gas and crude oil. 
To obtain wellhead petroleum price profiles in actual dollars from 
those expressed in constant dollars (Tables VI-1 and VI-2) it is 
necessary to assume that the value of tne dollar will be decreased 
at a certain rate. The following two cases were considered: 

1. zero reduction in the value of the dollar (actual 


dollars = constant dollars). 


2." tne WVvaluetor the dollar in year t = ae 
the value of the dollar in year tt] 


Many sets of wellhead petroleum prices were considered in 
this analysis. Half of these sets were based on case |. The re- 
mainder were based on case 2. 

These sets of petroleum prices which were based on case | 
can be divided into the following two major categories: 

1. nonlinear price profiles, and 

2. linear price profiles. 

The average wellhead price of crude oil in Alberta was 
$3.0/barrel in 1972 (23). The price paid for the wellhead natural 
gas which was used within Alberta in 1972 was 14¢/mcf (20). The 
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nonlinear price profiles were obtained by drawing curves through 

the prices given in Tables VI-1 and VI-2, and the 1972 Alberta 
values mentioned above. This was done in figures 1 and 2. The 
values of petroleum prices for each year from 1972 to 1985 were then 
taken from these figures. This resulted in columns 2-5 of Table 
VI-3. Dr. Ryan's natural gas price profile (figure 3) was in terms 
of actual dollars. Column 6 of Table VI-3 was obtained by convert- 
ing this profile into constant 1972 dollars. The "medium" natural 
gas price profile shown in Table VI-3 was obtained.from the "high" 
natural gas price profile in Table VI-2. This was because Dr. Ryan's 
natural gas price profile indicated higher prices than the "high" 
natural gas profile in Table VI-2. 

The linear price profiles were obtained by drawing straight 
lines from the 1972 actual values to the various 1985 prices which 
were used in the estimation of Table VI-3. Table VI-4 was obtained 
from these linear plots. 

The effect of the prices in Tables VI-3 and VI-4 on the 
product prices of the 28 system industries were analyzed in this 
thesis. The effects of prices corresponding to case 2 (reduction in 
the value of the dollar) were also examined. 

While petroleum prices are expected by many people (1, 2, 
21, 22, 24, 25) to increase the exact timing of these price increases 


would be very difficult to predict accurately. Consequently, the 
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FIGURE 1 - Wellhead Crude Oi] Price Profiles (Constant Dollars) 
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FIGURE 2 - Wellhead Natural Gas Price Profiles (Constant Dollars) 
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FIGURE 3 - High Wellhead Natural Gas Price Profile (Actual 
Dollars) 
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TABLE VI-3 


K 
NON-LINEAR WELLHEAD PETROLEUM PRICE PROFILES 


Year Low Crude High Crude Low Natural Medium Natural High 


Oil Price Oil Price Gas Price Gas Price Natural 
Profile Profile Profile Profile Gas 
(S/barrel) (S/barret) (é/mcf) ‘(¢/mef)————«=Prrice 
roa 
1972 jell) oO 14 14 14 
1973 eintis gpee 1933 23.0 31.07 
1974 oe30 3.45 23.5 26.6 42.42 
1975 3.54 3.10 2 ZORG 45.76 
1976 3.68 3.95 (aay! 30.1 47.09 
1977 go o2 4.24 2o72 32.0 47.44 
1978 3.96 4.53 vd Sey 34.5 SO 20 
1979 4.11 4.84 Paige CHES! 56.92 
1980 4.26 O16 Li 40.9 78.94 
1981 4.44 vane 2hne 44.3 78.94 
/ IRR 4.60 5 5 2B 47.9 77.39 
1983 4.75 Gres 29.4 tS) 78.02 
1984 4.92 6.68 cl@is' Shae 79.96 
1985 5.06 lee ies 59.4 Gl ie 


“the prices are in constant 1972 dollars. 


TABLE VI-4 


* 
LINEAR WELLHEAD PETROLEUM PRICE PROFILES 


Year Low crude High Crude Low Natural Medium Natural High 


Ojipe i ce Oil Price Gas Price Gas Price Natural 

Profile Profile Profile Profile Gas 

(§/barrel) (§/barrel (é/mcf)—“(é/mcf)———s=# re 
1972 3.0 350 14 14 14 
1973 Jab5 Se32 Le) 17.4 £1255 
1974 325. 3503 16.6 20.8 28.56 
1975 3.46 3.95 Wh Se) 24.3 3523 
1976 a¢03 4.28 igo 27.8 41.40 
1977 35/9 4.60 20.6 eH has: 47.27 
1978 3.95 4.93 21.9 34.8 52.68 
1979 4.10 SyaAs) (a Stee 57 80 
1980 4.26 a00 24.5 41.8 62.51 
1981 4.43 5.90 25.9 45.3 66.97 
1982 4.58 622 (al Ps 48.8 Tia vs 
1983 4.75 Gon PASIED) 52.4 74.90 
1984 4.90 6.87 29.8 55.9 78.40 
1985 5.06 Us| oie 59.4 Clee 


* 
the prices are in constant 1972 dollars. 
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petroleum price profiles used in this thesis should be considered 
as speculative estimates rather than precise predictions. 

In April, 1973 the Natural Gas Pipeline Company of America 
contracted to pay 50¢/mcf for wellhead natural gas in the Anadarko 
Basin field in the U.S. (26). On May 1, 1973 Imperial Oil Ltd. 
announced (27) that it was increasing the price of Western Canadian 
crude oi] by 25¢/barrel. Thus it can be seen that petroleum prices 
are increasing rapidly and that the price profiles used in this 


analysis are not unreasonably high. 
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CHAPTER VII 


INTERPRETATION OF RESULTS 


In analyzing the results obtained from the model it must 
be remembered that: 

1. many assumptions have been made in the development 

of the model and in the estimation of data, and 
2. the prices and inflation rates estimated by the model 
are based only on wellhead petroleum price increases. 
The effects of other causes of inflation were not 
considered. 
Thus the prices and inflation rates estimated by the model are not 
intended to be predictions. Rather they indicate the effect which 
increased wellhead petroleum prices could have on the industries 
studied. 

The quantity FLA(k) is the inflation rate (industry k's 
required revenues per unit product in year t/ industry k's required 
revenues per unit product in year t-1) which if applied every year 
from 1973 to 1985 will bring the required revenues per unit product 
of industry k from the 1972 value to the 1985 value produced by the 
model. Thus FLA(k) gives an indication of the inflationary effect 
on the products of the different system industries which would be 


caused by greater wellhead petroleum prices. 
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Two methods are used in this chapter to show the effect 
of increasing wellhead petroleum prices on the required operating 
revenues/unit product of each system industry. The first method is 
to tabulate and examine the FLA(k) values which occur when certain 
wellhead petroleum price profiles are used. The second method is 
to construct graphs for certain industries showing the variation of 


their required operating revenues/unit product with time. 
1. EFFECT OF INCREASED WELLHEAD NATURAL GAS PRICES 


Each one of Table G-1 to G-8 shows the effect, on the 
revenues/unit product required by the system industries, of changing 
the wellhead natural gas profile while maintaining a particular 
wellhead crude oil price profile. From these tables it can be seen 
that the following five industries are the system industries which 
are most affected by wellhead natural gas price increases. 

1. Natural gas utilities 
Electric power industry 


Fertilizer industry 


> Ww 7" 


Cement industry 

5. Chemical industry 

It will also be noticed from these tables that holding the 
wellhead natural gas price constant, instead of letting it reach one 


of the higher price profiles, will result in a significant reduction 
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in the extra revenues required by all the system industries except 
oil refineries. This is particularly true for the above five in- 
dustries. 

Natural gas utilities used 19.1% of their revenues in 
1972 (Appendix D) to pay for wellhead natural gas. Consequently, 
the price of this product will have a large effect on their required 
revenues. The other four industries are the only system industries 
which use large quantities of natural gas (from utilities). Thus 
it is the direct usage of this product which makes the required re- 
venues of these industries more dependent on wellhead natural gas 
price than the required revenues of the other industries. 

The indirect effects of increased wellhead natural gas 
prices are also important. This can be seen by examining any of 
the tables in Appendix G. Maintaining the same crude oil price 
profile and increasing the wellhead natural gas price profile results 

in a significant increase in all the FLA(k) values. Some of the 
system industries (e.g. the crop farming and railroad industries) 
have ROM eee natural gas expense. Consequently the increases in 
the FLA(k) values of these industries, which occur because of in- 
creased wellhead natural gas prices, are due solely to indirect ef- 
fects. | 

Figures 4 - 9 are based on the results in Tables G-9 to 


G-14. Figures 4 and 6 display the results obtained for the chemical 
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FIGURE 4 - Required Revenues of the Chemical Industry 
(Low Crude 0i1 Prices, Constant Value 
Dollars) ; 
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FIGURE 5 - Required Revenues of the Chemical Industry 


(High Crude 0i1 Prices, Constant Value 
Dollars) 
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FIGURE 6 - Required Revenues of the Crop Farming 
Industry (Low Crude 0i1 Prices, Constant 
Value Dollars) 
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REVENUES PER UNIT PRODUCT IN YEAR T 
REVENUES PER UNIT PRODUCT IN YEAR 1972 
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FIGURE 7 - Required Revenues of the Crop Farming 
Industry (High Crude 0i1 Prices, Constant 
Value Dollars) 
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FIGURE 8 - Required Revenues of the Electric Power 
Industry (High Crude 0i1 Prices, Constant 
Value Dollars) 
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REVENUES PER UNIT PRODUCT IN YEAR 1972 
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FIGURE 9 - Required Revenues of the Electric Power 
Industry (High Crude Oil Prices, 
Reduced Value Dollars) 


industry and crop farming industry respectively. These figures re- 
sult from the use of the wellhead petroleum price profiles in Table 
VI-3. They show the variation of required revenues with changes in 
the wellhead natural gas price profile when the low wellhead crude 

oil price profile was maintained. Figures 5, 7, and 8 show similar 


results for the chemical, crop farming, and electric power industries 


when the high wellhead crude oil price profile in Table VI-3 was used. 


Figure 9 shows the results obtained for the electric power industry 
when the wellhead petroleum price profiles used, in the estimation of 
Figure 8, were expressed in terms of reduced-value dollars. 

Each graph in Figures 4 - 9 represents pictorially the 
effect on a particular industry's required revenues per unit product, 
for a given wellhead crude oil price profile, of using different 


wellhead natural gas price profiles. 
2. EFFECT OF INCREASED WELLHEAD CRUDE OIL PRICES 


The effect on any system industry of increasing wellhead 
crude oil prices can be seen by examining corresponding elements in 
Tables G-1 and G-2, G-3 and G-4, G-5 and G-6, and G-7 and G-8. 

Table VII-1 is acquired from information in Appendix G. 
This table shows the results obtained from different wellhead crude 
oil price profiles when the wellhead natural gas price (in constant 
value dollars) was maintained at its 1972 value. Column 3 of Table 


VII-1 shows the results obtained when the low crude oi] nonlinear 
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TABLE VII-1 


EFFECT OF INCREASING WELLHEAD CRUDE OIL PRICE 


(constant wellhead natural gas price) 


CONSTANT CRUDE LOW CRUDE HIGH CRUDE 
OIL PRICES OIL PRICES OIL PRICES 
FLA(1) 1.000 1.008 1.015 
FLA(2) 1.000 1.010 1.018 
FLA(3) 1.000 1.010 1.018 
FLA(4) 1.000 1.009 LOL 
FLA(5) 1.000 1.008 1.015 
FLA(6) 1.000 1.009 1.016 
FLA(7) 1.000 1.008 1.015 
FLA(8) 1.000 1.009 1.016 
FLA(9) 1.000 1.010 1.019 
FLA(10) 1.000 1.009 1.017 
FLA(11) 1.000 1.008 1.015 
FLA(12) 1.000 1.009 1.016 
FLA(13) 1.000 1.010 1.018 
FLA(14) 1.000 1.008 1.015 
FLA(15) 1.000 1.008 1.015 
FLA(16) 1.000 1.008 1.015 
FLA(17) 1.000 1.008 1.015 


TABLE VII-1 (continued) 


CONSTANT CRUDE LOW CRUDE HIGH CRUDE 

OIL PRICES OTESPRIGES OLESPRICES 
FLA(18) 1.000 1.008 (ENS) 
FLA(19) 1.000 1.008 13015 
FLA(20) 1.000 1.009 1.016 
FLA(21) 1.000 1.008 1.015 
FLA(22) 1.000 1.008 10t5 
FLA(23) 1.000 1.007 1.012 
FLA(24) 1.000 Agen 12055 
FLA(25) 1.000 1.005 1.009 
FLA(26) 1.000 1.003 1.007 
FLA(27) 1.000 1.007 1.014 
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price profile in Table VI-3 was used. Column 4 displays the FLA(k) 
values which were calculated for the high crude oil price profile in 
Table VI-3. 

From Table VII-1 it can be seen that the petroleum refining 
industry (k = 24) is affected the most by increased wellhead crude 
oil prices. The oil pipeline (k = 25) and natural gas utility (k = 26) 
industries are affected the least. Increased wellhead crude oil 
prices produce nearly equal effects on the other 25 system industries. 
This is a very interesting result. Consider the chemical (k = 1) and 
aviation (k = 13) industries. For the same wellhead petroleum price 
profiles the value of FLA(13) is only slightly greater than FLA(1). 
Refinery products accounted for 0% of the revenues of the chemical in- 
dustry in 1972 (Appendix D). They accounted for 7% of the aviation 
industry's revenues. Consequently it is apparent that feedback and 


other indirect effects in an economic system are very important. 


3. EFFECT OF INCREASED WELLHEAD NATURAL 
GAS PRICES RELATIVE TO THE EFFECT OF INCREASED WELLHEAD 
CRUDE OIL PRICES 


From an analysis of the results in Appendix G it is 
apparent that: 
1. some industries are affected more by increased wellhead 


natural gas prices than by increased wellhead crude oil 
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prices, 

the wellhead prices of natural gas and of crude oi] 
are of almost equal importance to other industries, 
and. 

only the petroleum refining industry is affected 
Significantly more by increased wellhead crude oil 


prices than by increased wellhead natural gas prices. 


The above statements will appear reasonable after the following 


discussion on the chemical and crop farming industries has been con- 


cluded. 


From an examination of Figures 4 and 5 it can be seen 


that the operating revenues per unit product required by the chemical 


industry are affected much more by changing the wellhead natural gas 


price profile than by changing the wellhead crude oi] price profile. 


This is because 


ly 


the difference (relative to the 1972 price of 14¢/MCF) 
between any two of the wellhead natural gas price pro- 
files is greater than the difference (relative to the 1972 
price of $3.0/barrel) between the high and low well- 

head crude oil price profiles. 

refinery product expense accounted for 0% of the chemi- 
cal industry's revenues in 1972. The corresponding 


figure for natural gas (from utilities) expense was 
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2.7%. 


From a comparison of Figures 6 and 7 it is apparent that 
increases in the price of wellhead crude 011 and in the price of 
wellhead natural gas are of almost equal importance to the crop 
farming industry. This is because 

1. wellhead natural gas prices are expected to increase 

more rapidly than wellhead crude oil prices, and 

2. refinery product expense accounted for 4.2% of the 

crop farming industry's revenues in 1972. The cor- 
responding figure for natural gas (from utilities) 


expense was 0%. 


From the foregoing analysis of results in this section it 
is apparent that both the direct and indirect (feedback etc.) 
effects of increased refinery and natural gas utility product prices 
(due to increased wellhead petroleum prices) are important. Those 
industries which have a large consumption of these products are 
affected the most by wellhead petroleum price increases. However, 
the other industries are also affected significantly due to the in- 


teractions in the economic system. 


4. RELATIVE IMPORTANCE OF THE INFLATIONARY EFFECTS WHICH 
WOULD RESULT FROM GREATER WELLHEAD PETROLEUM PRICES 


Increased wellhead petroleum prices will produce infla- 


tionary effects. The relative importance of these effects can be 
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seen by comparing the results in Appendix G to actual increases, in 
the prices of various Canadian commodities, which have occurred over 
the last decade. Tables VII-2 to VII-5 apply to Canada and they 
were obtained from a Dominion Bureau of Statistics catalogue (28). 

From Table VII-2 it can be seen that the price of in- 
dustrial chemicals remained practically constant from 1968 to 1971. 
The price of these commodities in December, 1972 relative to their 
price in January, 1972 was 1.02. For the range of wellhead pet- 
roleum prices examined the value of FLA(1) varied from 1.008 to 
1.055. 

From Table VII-3 it is apparent that the price of grains 
fell from 1969 to 1971. However, the price of these products in 
December, 1972 was 1.510 times its value in December, 1971. The 
values of FLA(2) in Appendix G ranged from 1.010 to 1.048. 

Using the information in Table VII-4 it is easily shown 
that the 1972 price of electricity to domestic users relative to its 
price in 1971 was 1.027. The price in 1971 relative to the price 
in 1970 was 1.034. The values of FLA(23) in Appendix G ranged from 
1007" tosl. 06/7. 

The price of domestic gas in 1972 was 1.007 times its 
value in 1971. The price in 1971 relative to the price in 1970 was 
1.014. The values of FLA(26) in Appendix G were in the range of 
TOOSRtOmI a 29. 
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The above examples indicate that the following state- 
ments are valid. Greater wellhead petroleum prices will cause in- 
creases in the prices of commodities produced in Alberta. These 
increases can be considered important relative to previous increases 


which occurred in the prices of Canadian commodities. 


9. EFFECT OF INCREASED WELLHEAD PETROLEUM PRICES ON 
COMPONENTS OF SYSTEM INDUSTRIES 


It should also be noted that some of the system indust- 
ries were comprised of a number of smaller component industries. 
For example, the wood industry consisted of sawmills, planing mills, 
and many other industries engaged in activities relating to wood. 
The chemical industry was comprised of the petrochemical, organic 
chemical, inorganic chemical, and other chemical producing indust- 
ries. The effect of increased wellhead petroleum prices on any of 
these smaller industries may be much greater than the effect on 
their combination. For example, petrochemical product prices in 
Alberta will probably be increased (due to greater wellhead pet- 
roleum prices) more than the average product price of the entire 


chemical industry. 


6. DEPENDENCE OF THE RESULTS ON THE SHAPE OF THE 
WELLHEAD PETROLEUM PRICE PROFILES 


If construction expense was treated as an operating 
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cost for every system industry then (for given 1985 wellhead pet- 
roleum prices) the values of the 1985 prices of the system products 
(and consequently of the FLA(k)s) would be independent of the shape 
of the wellhead petroleum profiles. However, for some industries 
construction expense is treated as a capital cost. The depreciation 
expense of these industries will depend on the construction costs 

it incurred in earlier years. These construction costs were depen- 
dent on wellhead petroleum prices. Thus the depreciation expense, 
and consequently the FLA(k) values, will be greater in 1985 the more 
quickly the wellhead petroleum prices increased in earlier years. 

The wellhead petroleum price profiles which would give the 
largest FLA(k) values (for given 1985 petroleum prices) would be 
those where the wellhead petroleum prices rose from their 1972 to 
their 1985 values in one year. Thus, to estimate the dependence of 
the computed FLA(k) values on the shape of the wellhead petroleum 
price profiles, the following procedure was adopted. The model was 
used to calculate the FLA(k) values which would result if the prices 
of wellhead natural gas and crude oi] went to $1.20/MCF and $10.60/ 
barrel, respectively in 1972 and remained at these values until 1985. 
The results obtained from these calculations were compared with those 
acquired when the prices of wellhead petroleum products went linearly 
to 1985 values of $1.20/MCF and $10.60/barrel. The maximum difference 
obtained in a FLA(k) value was only 0.002. The FLA(k) values for 
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these 1985 wellhead petroleum prices are of the order of 1.04. 
Thus for given 1985 wellhead petroleum prices the FLA(k) values 
(and consequently the prices of the system products in 1985) are 
nearly independent of the wellhead petroleum price profile. Their 
only significant dependence is on the 1985 wellhead petroleum 
prices. 

The prices of the system products in intervening years 
will, however, depend on the shape of the wellhead petroleum price 
profiles. If the wellhead petroleum prices rise gradually from 
1972 to 1985 then so also will the prices of the system products. 
However, a Sharp increase in the price of a wellhead petroleum 
product will cause a similar increase in the price of the system 
products. In Figures 4 and 5 the required operating revenues per 
unit product of the chemical industry, corresponding to the high 
natural gas price profile, increased rapidly between 1978 and 1980. 
This was because the high wellhead natural gas price profile rose 
sharply from 1978 to 1980. Similarly, the price profile of any 
system product will follow the same trend as the wellhead petroleum 


prices used in its determination. 


7. DEPENDENCE OF THE RESULTS ON WHETHER THE 
VALUE OF THE DOLLAR IS REDUCED 


Two sets of wellhead petroleum price profiles were dis- 


cussed in Chapter VI. They were based on the following two 
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are . 7 4 
ee oe : 


assumptions: 


1. zero reduction in the value of the dollar, and 


2. value of the dollar in year t phate 
value of the dollar in year t+] 


The first set of petroleum prices (Tables VI-3 and VI-4) was based 
on assumption 1. The results obtained from this set are shown in 
Tables G-] to G-4. The second set of petroleum prices was based 
on assumption 2. The results from this set are contained in Tables 
G-5 to G-8. 

The effect of using assumption |] instead of assumption 2 
(or vice versa) can be seen by comparing corresponding elements in 
Tables G-1 and G-5, G-2 and G-6, G-3 and G-7, and G-4 and G-8. 
Assumption 2 produces higher wellhead petroleum prices than assump- 
tion 1. These in turn lead to higher FLA(k) values. Thus any 
figure in Table G-5 is greater than the corresponding one in Table 
G-1l. The dissimilarity in results obtained by using different as- 
sumptions (as regards the future value of the dollar) can be seen 
pictorially for the electric power industry by comparing Figures 8 
and 9. The curves in Figure 9 are steeper and attain higher 1985 
values. 

The results obtained from using wellhead petroleum prices 
expressed in reduced-value dollars indicate the increase in revenues 


(in actual dollars) which would be required by the system industries 
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if the value of the dollar was to decrease in the future. Those 

obtained from using constant-value dollars indicate the increased 
revenues (in actual dollars) which would be needed by these in- 

dustries if the value of the dollar was to remain equal to its 


1972 value. 
Gee SENS LUV. LY 


To test the sensitivity of the results to variations in 
the input data a sample calculation was undertaken. The electric 
power industry is the one where there is most likely to be changes 
in the amount of natural gas consumed in unit production. Con- 
sequently, it was decided to estimate the effect on the FLA(k) 
values of changing COMP og -93(1972)s where COMPo6 93 (1972) is the 
estimated fraction of the revenues obtained by the electric power 
industry in 1972 which was used to pay for the natural gas (from 
the gas utility industry) it consumed. 

The variable COMPog -93(1972) was reduced by 0.024 (i.e. 
its value was halved) and COMPog 93(1972) was increased by 0.024. 
The quantity COMP ye 53(1973) is the estimated fraction of the re- 
venues obtained by the electric power industry in 1972, which was 
used to pay for the "other expense" it incurred. With these new 
comp , (1972) values the model calculated FLA(k) values which would 


result from the high nonlinear wellhead petroleum price profiles 
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in columns 3 and 6 of Table VI-3. These FLA(k) values are shown 
in column 2 of Table VII-6. Column 3 of this table displays the 
FLA(k) values which were obtained when using the "actual" COMP «1 
(1972) values (those used to estimate the effect of wellhead pet- 
roleum price increases) and the same wellhead petroleum price pro- 
files. From Table VII-6 it can be seen that reducing the value of 
COMP og 93 (1972) by 0.024 and increasing COMP yg 93 (1972) by the 
same amount caused FLA(k) for the electric power industry to fall 
from 1.048 to 1.034. The value of FLA(k) also decreased for the 


other 27 industries. However, for these industries the maximum 


reduction in FLA(k) was 0.003. 


9. DEPRECIATION OF "OTHER ASSETS" 


Depreciable assets (machinery etc.) which are not pro- 
duced by the construction industry are called "other assets". 
In the model equations the depreciation of these assets was in- 
cluded in the “other expense" term. A sample calculation was un- 
dertaken in order to estimate the change in the results which would 
have occurred if the depreciation of “other assets" had been in- 
cluded as a separate entity in the model equations. In this cal- 
culation the high nonlinear wellhead petroleum price profiles in 
columns 3 and 6 of Table VI-3 were used. 


Column 2 of Table VII-7 shows the FLA(k) values obtained 
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FLA(1) 
FLA(2) 
FLA(3) 
FLA(4) 
FLA(5) 
FLA(6) 
FLA(7) 
FLA(8) 
FLA(9) 
FLA(10 
FLA(11 
FLA(12 
FLA(13 


FLA(15 


) 
) 
) 
) 
FLA(14) 
) 
FLA(16) 

) 


FLA(17 


TABLE VII-6 


EFFECT OF CHANGING COMP 56 93(1972) 


RESULTS FOR ACTUAL 
COMPo¢ 93(1972) 


] 
] 
] 
] 
] 
] 


038 
032 
-03] 
S031 
043 
031 
a029 
.030 
qliyZ 
03] 
.029 
030 
2032 
030 
030 
030 
04] 


RESULTS FOR CHANGED 
COMP o¢ 93(1972) 


121035 
1.030 
12029 
1.2029 
1.040 
1.028 
1.026 
1.028 
L029 
1.028 
L027 
1.028 
Toe 
1027 
Te0e27 
e027, 
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TABLE VII-6 (continued) 


FLA(18) 
FLA(19) 
FLA(20 
FLA(21 
FLA(22 
FLA(23 


FLA(25 
FLA (26 
FLA(27 


) 
) 
) 
FLA(24) 
) 
) 
FLA(28) 


RESULTS FOR ACTUAL 


COMP og 93(1972) 


12029 
1.030 
1033 
Tecs2 
e032 
1.048 
deo 
1.021 
1.100 
].028 


RESULTS FOR CHANGED 


COMP og 3(1972) 


e027 
12027 
1.030 
1.029 
1-029 
1.034 
1.058 
1.018 
1.100 
3025 
1-027 
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TABLES VI 1-7 


EFFECT OF ALLOWING FOR ALL DEPRECIATION EXPENSE 


INDUSTRY k 


FLA(k) 
(before allowance) 


1.038 
1.032 
1.031 
1.031 
1.043 
1.031 
1.029 
1.030 
1.032 
1.031) 
1.029 
1.030 
1.032 
1.030 
1.030 
1.030 


FLA(k) 
(after allowance) 


1.034 
1.024 
1.026 
1.026 
1.038 
dew, 
1.025 
1.026 
1.027 
1.026 
1.025 
e0z6 
Va027 
1.026 
1.026 
1.026 
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TABLE VII-7 (continued) 


INDUSTRY k 


18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


FLA(k) 
(before allowance) 


1029 
1.030 
ie0ss 
12032 
1.032 
1.048 
e053 
1.02] 
1.100 
1.028 


FLA(k) 
(after allowance) 


T2025 
1.026 
1.028 
1.028 
02 
1.045 
12057 
1.018 
i099 
1-025 
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when depreciation of "other assets" is included in “other expense". 
Column 3 shows the corresponding values when depreciation of "other 
assets" is considered as a separate entity and is treated as shown 
in Appendix F. It can be seen that the entries in column 2 are all 
greater than the corresponding values in column 3. Also the maxi- 
mum difference between corresponding FLA(k) values is 0.005. Con- 
sequently, the inclusion of depreciation of "other assets" in “other 
expense" biased the FLA(k) values in an upward direction. However, 
considering the other assumptions made, this bias cannot be consid- 


ered crucial. 
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CHAPTER VIII 


CONCLUSIONS 


1. Of the industries analyzed the following five would 
be most affected by increases in wellhead natural gas prices: 

a. natural gas utilities 

b. electric power industry 

c. fertilizer industry 

d. cement industry 


e. chemical industry 


2. The petroleum refining industry would be affected 
the most by increases in the wellhead crude oil price. 

3. In analyzing an economic system it is important to 
consider the interactions between the different system industries. 

4. Some industries (e.g. the chemical industry) are 
affected more by increased wellhead natural gas prices than by in- 
creased wellhead crude oi] prices. 

5. The wellhead prices of natural gas and of crude oi] 
are of almost equal importance to some industries (e.g. the crop 
farming industry). 

6. Only the petroleum refining industry is affected sig- 
nificantly more by increased wellhead crude oil prices than by in- 
creased wellhead natural gas prices. 

7. If the wellhead prices of crude oi] and natural gas 
were to increase annually to 1985 values of $7.21/barrel and 81.72¢/ 


mcf, respectively, then this could cause yearly increases of the 
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order of 3%, in the prices of commodities produced in Alberta. 

8. Replacement of half of the natural gas used by the 
electric power industry with coal would not significantly reduce the 
dependence of the other system industries' required operating re- 
venues on the price of wellhead petroleum products. 

9. Treatment of the depreciation of "other assets" as 
a separate entity in the model equations would not change any of the 


above conclusions. 
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NOMENCLATURE 


represents the quantity of commodity i required by 
industry j to produce one unit of product j. 

this variable is used in equation (A-9). It is defined 
after that equation. 

this variable is used in Appendix C. It is equal to 
2.0 YE CRS ese ROC) 

this variable is used in Appendix C. It is equal to 
20 YUCC Hs Were ye (t)2-e2 50: 

this variable is used in Appendix C. It is equal to 
2.0 ECC} Bl P72 YRCL) PS at 

a constant (for given j and k) which is used in equation 
(A-7) and is estimated in Appendix B. 

this variable is used in equation (A-9). It is defined 
after that equation. 

the interest on debt capital, per unit product, which 
industry k must pay in year t. 

a variable used in equation (A-8) and estimated in 
Appendix C. 

this variable is used in equation (A-9). It is defined 


after that equation. 
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NOMENCLATURE (continued) 


comp 5, (t) 


FLA(k) 


hy (t) 


T(t) 
n 
op cost 


op cost, (t) 


the fraction of industry k's revenues in year t 

which is used to pay for the amount of product j 

it requires. 

is a variable used in equation (A-8) and estimated 

in Appendix C. 

is the estimated fraction of industry k's operating 
revenues in year t which were allocated to compensate 
for the depreciation of “other assets". 

is the inflation rate (industry k's required revenues 
per unit product in year t/industry k's required 
revenues per unit product in year t-1) which if applied 
every year from 1973 to 1985 will bring the required 
revenues per unit product of industry k from the 1972 
value to the 1985 value produced by the model. 

is the cost incurred by industry k in year t in buying 
one unit of product j. 

py, (t)/p, (t-1). 

is the number of system industries. 

is the cost to industry i of buying the amount of 
product j which it requires for unit production. 
isuthe costutowndustry k, assigned to year t, of 
buying the amount of product j, 1 < j < 27, which it 


requires for unit production in year t. 
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NOMENCLATURE (continued) 


op costye ,(t) 


PL(t) 


PCC) 
Pet) 
PR(t) 


PROF, (t) 


RG, (t) 


RO, (t) 


is defined by equation (A-1). 

hS) LHEEPYIcexoT: ones Unt Coot product): 

represents the revenues obtained per unit product 
by industry k in year t. Except for natural gas 
utilities (k=26) it also represents the price of 
One unit of product k in year t. 

is used in Appendix C. It is the price paid by 
the commercial consumer for natural gas. 

is used in Appendix C. It is the price paid in 
year t by the industrial consumer for natural gas. 
is used in Appendix C. It is the price paid in 
year t by the residential consumer for natural gas. 
is the profit (before payment of income taxes) 

per unit product which is required by industry k 
in year t. 

is the cost to industry k of buying the amount of 
wellhead natural gas in year t which it requires 
for unit production. 

is the cost to industry k of buying the amount of 
wellhead crude oil in year t which it requires for 


unit production. 
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NOMENCLATURE (continued) 


RPG(t) 


RPO(t) 


NUT) 


YR(t) 


wellhead natural gas price in year t 
wellhead natural gas price in year t-] 


wellhead crude oil price in year t 
wellhead crude oil price in year t-1 


year 

is the cost per unit product to industry i of 
using commodities (including capital) obtained 
from outside the economic system. 

is the cost per unit product to industry i in 
year t of using commodities (including capital) 
obtained from outside the economic system. 

is the physical output from industry i. 

is the final demand for product i. 

is used in Appendix C. It is the fraction of the 
natural gas volume sold in year t which is bought 
by commercial consumers. 

is used in Appendix C. It is the fraction of the 
natural gas volume sold in year t which is bought 
by industrial consumers. 

is used in Appendix C. It is the fraction of the 
natural gas volume sold in year t which is bought 


by residential consumers. 
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NOMENCLATURE (continued) 


25k is a constant (for given j and k) which is used 


in equation (A-7) and is estimated in Appendix B. 


Subscripts 


e designates the category of natural gas user to which 


an industry belongs 


i refers to industry i 

j refers to industry j 

k refers to industry k 

] refers to a commercial user of natural gas 
m refers to an industrial user of natural gas 


n refers to a residential user of natural gas 
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APPENDIX A 


DEVELOPMENT OF MODEL 


Twenty-eight industries are analysed in this thesis. They 


are assigned classification numbers and these are shown in the following 


table. 
Table  A-1 
INDUSTRY CLASSIFICATION NUMBERS 

Industry Number Industry Title 

] industrial chemicals 

fs crop farming 

5 livestock farming 

4 "other farming" 

3 fertilizer 

6 feed 

yf. railroad 

8 truck 

9 inland water transport 

10 Pacific water transport 

1] urban transit 

12 taxi 

I aviation 

14 industrial construction 

15 residential construction 

16 architectural metals 
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Table A-1 Continued - Industry Classification Numbers 


Industry Number Industry Title 
18 forestry 
ie wood 
20 iron mines 
a iron and steel mills 
ae steel pipe and tube mills 
23 | electricity 
24 refinery products 
2D oil pipeline 
26 natural gas 
ah labour 
28 dummy 


Each of the industries in Table A-1 is called a “system 
industry". Any industry which is not in Table A-1 is not a system 
industry. The “dummy industry" produces all those products, exclud- 
ing wellhead petroleum products, which are used by the system indust- 
ries, and which are not produced by any of the other system industries. 
Thus the revenues of each system industry are consumed in paying for 
the following expenses: 

1. purchase of the products of the 28 system industries , 
interest payments , 

DROL Luss 


purchase of wellhead crude oil, and 
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purchase of wellhead natural gas. 
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DEVELOPMENT OF MODEL 


It is desired to estimate, until 1985, the effect which in- 
creasing wellhead petroleum prices will have on the price of the 
commodities produced by the 28 system industries. To accomplish this 
a model was used which estimates prices, relative to 1972 prices, of 
the 28 industry products for each year from 1973 to 1985. The model 
is developed in this appendix. In its development there are three 
major steps undertaken and they are as follows: 

1. development of an equation for each system industry 


which relates its revenues to its inputs (equation A-1). 


2. development of an equation which relates the price of 
each system product k in year t (P_ (t)) to its price in 


year t-] (P, (t-1)) (equation A-2). 


3. development of a set of simultaneous equations whose 
solution will yield all the values of PL (t)/P,(t-1) for 


1 < k < 28 (equations A-19). 


STEELS! 


RELATION BETWEEN REVENUES AND COSTS 
The price obtained for the product of an industry is equal 
to the costs (including profits etc.) incurred in its production. This 
statement is written in the form of an equation for each of the 28 in- 


dustries as follows: 
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P. (t) = Op costy, (t) + op costo, (t) + ---- op costog |. (t) 


+ BIE, (t) + PROF, (t) + RO, (t) + RG, (t) 


= Why eee ae 28 (A-1) 
where P(t) is the revenue obtained per unit product in year t by 
industry k. 

op cost.) (t) is the cost to industry k, assigned to year t, 
of buying the amount of product j, 1 < j < 27, which it requires for 
unit production in year t. Product j is produced by the industry whose 
industrial classification number is equal to the value of j. 

op costo, 1 (t) is defined by equation (A-1). It includes all 
those costs which have not been allowed for by the other terms on the 
right hand side of equation (A-1). 

BIE, (t) is the interest on debt capital, per unit product, 
which industry k must pay in year t. 

PROF, (t) is the profit (before payment of income taxes) per 
unit product which is required by industry k in year t. 

RO, (t) is the cost to industry k of buying the amount of 
wellhead crude oi] in year t which it requires for unit production. 

RG, (t) is the cost to industry k of buying the amount of 
wellhead natural gas in year t which it requires for unit production. 

STEP 2 
RELATION BETWEEN PRICES IN CONSECUTIVE YEARS 


Equation A-1 is divided by PL (t-1) to yield: 
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STEP 3 


EQUATIONS WHOSE SOLUTION YIELDS EACH PL (t)/P, (t-1) 


To simplify matters a new variable will be defined as 


1. (t) = PL (t)/P, (t-1) Sie Wyatt 28 


All of the terms in equations (A-2) will be expressed in 
terms of the 1, (t) values and previously evaluated variables. When 
this has been achieved there will be a set of 28 simultaneous equations 
which must be solved for 28 unknowns (the UAB) ae 

Each term on the right hand side of equation (A-2) will now 
be considered. 
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where op cost.) (t-1) 
comp.) (t-1) SS ee Lee 

: PL (t-1) 
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The value of comp. (t-1) will be known in year t as it will 
have been previously evaluated (if t-1 > 1972) or specified (if t-1 


= 1972). The next step is to relate op cost « (t)/op COSte 


ieee) to 


the 15 (¢) variables. 

It is assumed that the physical amount of inputs required 
for unit production in any industry are constant (i.e. there are fixed 
technological coefficients). It follows from this assumption that 


op cost. (t) " he. (t) (A-4) 


op cost.) (t-1) hs, (t-1) 
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where ha, (t) is the cost incurred by industry k in year t in buying 
one unit ofproduct j. If constant technological coefficients were 
not used then it would be necessary to predict changes in their 
values. To do this accurately would require an exhaustive research 
effort. 

For most industries j, it is reasonable to assume that if 
its revenues per unit product in year t become greater then the cost 
of product j to all industries k in that year will be increased in the 


same proportion. This assumption can be stated in mathematical form as 


Pit 


; ~ aa hasta: seunilden mn ib 


(figcd? ae + wése wl asad’ od Piw 112), me %? soley. sit 


- 
Z Bf 
> ee 
_ 


Co} VE) baPbearnz oo (Ga! ~ Teo 97) badeo tae shawna me : 


= 


od Pi-T i) tens qoXt -g202 Ge Sdbler 105 21 eta Seon sit ster 
7 


retésinay (3). ote. 
a pears 


eve pan Zig toute feotegid SAS Sedf beaest at 21 


cr?’ “PYR Ss “ % teat y ‘hy 7 ene 16 ¥ Jenner th rer vo ttoubang 3 


igiy anthers ri V cunffot-st. iCedaatot?ysos Tua teafon 


- 

a f B r P2072 90 

— —— : = 1 — aT 

i ne) . 

Covent “Pi gy2t0o go 

* @ : 

a é 7 

- 
‘Sat 4 


pnivud ho veay nl? sttewbay wl hereuge S209 one at Ww. As 


eno 
a 


ali 3 


‘se sieatot Vises fegfeotomingy isienao.*. |, dabarg Yo 3 
lads nt zagemte Go Uber’ of Kiackeaae Oc bivow 3] ries ——— 


jovhe264 avis2bbtea ne a1 huge aie cal eisteiunae = a tm fay 


i 
ae 9 


YE dats emiree a2 nish ooraer en 3 at esirasutod te 
jeer oti ii ri moa im at ae fina 


So 
add ft biaseavanl of Fh 


ee 


_— 7s ‘ 


follows: 
Dee pets) 
JSKese Sonretea ea 4 (A-5) 
ha, (t-1) Pca 


Equation (A-5) applies for all j and k (1 < j < 28; 1 < k < 28) apart 
from those exceptions which will now be discussed. This equation is 
not used for the industrial construction expense (j=14) incurred by 
some industries (ke{2, 3, 4, 7, 23, 25, 26, 28}). This is because the 
construction costs of these industries are considered to be capital 
costs and are distributed over a number of years. Similarly, the re- 
sidential construction expense (j=15) of the labour industry (k=27) 
is spread over a number of years and is considered to be an exception 
to equation (A-5). Natural gas expense (j=26) is not represented by 
equation (A-5) for any k value. This is because natural gas users pay 
three different prices (commercial, industrial, and residential) for 
natural gas. 

From equations (A-4) and (A-5), and the definition of 1, (t) 
it follows that 

op cost., (t) 


2 1, (t) (A-6) 
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Equations (A-5) and (A-6) possess the same exceptions. Equations 


analogous to equation (A-6) have been developed for these exceptions. 
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The following equation is developed in Appendix B for those 


industries whose construction costs are distributed over a number of 


years: 
Opcostepait) 24, &+2\.(t-]) 
Bape per ony J Obe ears Bas) ieee) 
op cost ,(t-1) bik 


ke{2,3,4,7,23.,25,26,28} and j=14 
K= 27 and j=15 
The following equations were developed in Appendix C and 
they are applicable for natural gas expense. 
CUR genZOKhe is 2 AGS) celan) 20 hy 
op costy¢, (t-1) 
Kea lh 250. meee (A-8) 
Ges) lo2. gored 
where c,(t) and d.(t) are variables which will have been evaluated 
before equation (A-8) is used. They are described in greater detail 
in Appendix C. The value of e selected for a given k will depend on 
whether industry k is a commercial, industrial, or residential con- 
sumer of natural gas. These consumers are represented by & values of 
1, 2, and 3 respectively. 
Equations (A-6), (A-7), and (A-8) are combined to give an 
equation which is valid for all j and k. It is 
op cost, (t) A. (t) + C. (t) x eed) 
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Ayg(t) = Zyp 205 (t) — 15(t-1) and By, = by, if ke{2,3,4, 
1,() 
7,23,25,26,28} and j=14 or if k = 27 and j = 15. 


Asp (t) = c,(t), C5, (t) = dg (t) » and Bay = luiheketlee. 
»seor and j = 26 


If op cost, (t) and op cost, (t-1) are both zero then it is 
still reasonable to use equation (A-9) as under these conditions the 
term representing op cost. (t)/op cost, (t-1) will eventually be mul- 
tiplied by zero and will drop out of the analysis. 

From equations (A-2), (A-3) and (A-9), and the definition of 


1, (t) it follows that 
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The last four terms on the right hand side of equation (A-10) will 


now be put in more useful form. 
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It is assumed that 
\ 
BIE, (t) ; BIE, (1972) 
P(t) Poutoi=) 
KEE Ene eee 
t= 1973), 1974.4 50 1 9e5 


This assumption and equation (A-11) are combined to yield 


Bee i ae 1, (t) (A-12) 
P. (t-1) PL (1972) 


The value of BIE, (1972)/P, (1972) is estimated in Appendix D for all 
Kam ye, eh es co.e COnsequensly . 1, (t) is the only unknown on the right 
hand side of equation (A-12). 
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It is assumed that 
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P(t) P. (1972) 
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From this assumption and equation (A-13) it follows that 
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The value of PROF, (1972)/P, (1972) is estimated in Appendix D for all 
keao 152% chee: 
RO, (t) RO, (t) RO, (t-1) 


See ee (A-15) 
PL (t-1) RO, (t-1) PL (t-1) 


As it is assumed that each industry uses a constant amount (physical) 


of its various inputs for unit production it follows that 
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It iS apparent that 


aay = RPO(t) (A-16) 
RO, (t-1) 


where RPO(t) _ wellhead crude oil price in year t 


wellhead crude oil price in year t-] 
Equations (A-15) and (A-16) are combined to yield 


RO, (t) RPO(t) RO, (t-1) 
slings 5 a (A-17) 
PL (t-1) PL (t-1) 
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The value of RPO(t) is specified. For t-1 = 1972 the value of RO, 
(t-1)/P, (t-1) is determined in Appendix D. For t-1>1972 the value of 
RO, (t-1)/P will have been previously evaluated. 

The following equation is derived in a similar manner to 
equation (A-17). 

RG, (t) RPG(t) RG, (t-1) 


= ———_—— (A-18) 
PL (t-1) PL (t-1) 


where RPG(t) _ wellhead natural gas price in year t 
wellhead natural gas price in year t-] 


As RPG(t) is specified RG, (t)/P, (t-1) can be estimated from equation 


(A-18) if there is a solution to the system for year t-1. 
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Equations (A-10), (A-12), (A-14), (A-17), and (A-18) are 


combined to yield 


1, (t) ; comp (t-1) x A.) (t) + C., (t) x 15(t) 


il 4100 
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BIE, (1972)1, (t) PROF, (1972) 1, (t) RPO(t)RO, (t-1) 
— ne ee - a 
PL(1972) Peulone ) PL (t-1) 


RPG(t) RG, (t-1) 
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This equation is rearranged to give 
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nar pies eee 1, (t) - i (eons. (8-1) 
Pe) P,. (1972) ae 


_Agucbt) + Cy Ct) x 15 Ct), RPOCE) |RO, (1) 


Bix PL (t-1) 
RPG(t) RG, 
+ 
PL (t-1) 


(EJ) 


by acon y As! (A-19) 


Considering one year at a time equations (A-19) are solved 
for the eee) > for each year from 1973 to 1985. For t = 1973 all of 


the terms inside the square brackets in these equations will have been 


estimated (Appendix D). The A,,(1973) oy By >, and C.,.(1973) > will 
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also be known (the values of the A. (t) - Bix >. and Ci, (t) > are 
estimated in Appendices B and C for 1973 <t< 1985). The values of 
RPO(1973) and RPG(1973) will have been predicted (RPO(t) and RPG(t) 
are predicted in Appendix E for 1973 < t < 1985). Thus for 1973 the 
only unknowns in equations (A-19) are the twenty-eight 1,(1973) *. 
Therefore the number of equations and the number of unknowns are equal. 
Consequently equations (A-19) can be solved for the 1,(1973) §. 

After the 1,(1973) ® have been evaluated, the analysis for 
1974 is begun. To do this it is necessary to determine the 1973 values 
of the ratios inside the square brackets of equations (A-19). First 
of all an equation will be developed which relates comp 5 (t-1) to 
variables whose values have already been determined. From the defini- 


tion of comp 5, (t-1) it follows that 
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It follows from equations (A-9) that 


op cost. (t-1) A. (t-1) + C.)(t-1) X 15(t-1) 
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From equations (A-20) and (A-21), and the definition of 1, (t-1) it 


follows that 
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For t=1974 all of the terms on the right hand side of equations (A-22) 
will be known. The values of As, (1973) 505, (1973) and Bay are determined 
in Appendices B and C. The values of comp 5, (1972) are estimated in 
Appendix D. The values of 1, (1973) will already have been determined 
from equations (A-19). Therefore, comp 5 (1973) can be evaluated from 
equations (A-22). 

The next term inside square brackets in equations (A-19) will 
now be considered. It is apparent that 
t-1) RO, (t-1) RO, (t-2) PL (t-2) 


RO, ( 
ee (A-23) 
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From equations (A-16) it follows that 


ra ee RPO to) (A-24) 
RO, (t-2) 
eink Wane ey ts: 
From equations (A-23) and (A-24), and the definition of 1, (t-1) 
it follows that 
RO, (t-1) RO, (t-2) ] 
———  =_ RPO(t-1) x —~——— x ———— (A-25) 
PL (t-1) PL (t-2) 1, (t-1) 
aed by arieency Aas: 


For t= 1974 all of the terms on the right hand side of equation (A-25) 
will be known. The value of RPO(1973) is predicted in Appendix E. The 
value of RO, (1972)/P, (1972) is estimated in Appendix D. Therefore 
RO, (1973)/P, (1973) can be evaluated from equation (A-25). 

The following equation is derived in.a manner similar to 


equation (A-25). 


RG, (t-1) RPG(t-1) RG, 
oe = x 


SS sy 
PL (t-1) PL (t-2) 1, (t-1) 


baal A (A-26) 


The value of RPG(1973) is predicted in Appendix E. The value 
of RG, (1972)/P, (1972) is estimated in Appendix D. Thus RG, (1973)/P, 
(1973) can be evaluated from equation (A-26). 

Thus all of the terms inside the square brackets of equations 


(A-19) have been determined for t=1974. The values of the 151974) : 
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are evaluated from equations (A-19). Equations (A-22), (A-25), (A-26), 
and (A-29) are then solved for 1975. This procedure is followed for 
every year until 1985. 

For t > 1974 the values of comp. (t-2) , RO, (t-2)/P, (t-2), 
and RG, (t-2)/P, (t-2) used in the right hand side of equations (A-22), 
(A-25), and (A-26) will already have been evaluated by these equations 


in previous runs. 
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APPENDIX B 


CONSIDERATION OF CONSTRUCTION EXPENSE 
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TREATMENT OF CONSTRUCTION EXPENSE 


In this thesis depreciation due to construction is con- 
Sidered to be the construction expense allocated to a particular year 
which is used internally by a company to determine its profits or 
product price. It is not the allocated construction expense which is 
used for income tax evaluation. 

For certain industries the value of depreciation (due to 
construction) was known or could be estimated. For these industries 
construction expense was treated as a capital expense and was not 
represented by equation (A-6). Instead their construction expense 
was described by equation (A-7). This equation represents the de- 
pendence of an industry's depreciation (due to construction) expense 
on the revenues required by the construction industry. 

For other industries the value of depreciation due to 
construction was either negligible or could not be estimated very 
accurately. For some of these industries previous values of repair 
construction expense were known. This expense is represented by 
equation (A-6). This equation is also used to represent those in- 
dustries whose construction expense is assumed to be zero (due to in- 
sufficient data or because it is in fact negligible). Their in- 
clusion in this equation has no practical significance, but it makes 
the derivation of the basic model equations more compact. 


Thus whether an industry's construction expense was re- 
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presented by equation (A-6) or equation (A-7) depended on the mag- 
nitude of its construction expense and on the form in which data was 


available. 
INDUSTRIES WHERE CONSTRUCTION EXPENSE IS DISTRIBUTED 


They are as follows: 

1. crop farming industry 

2. livestock farming industry 
3. “other farming" industry 

4. railroad industry 

5. electric power industry 

6. oil pipeline industry 

du Naturaiegas, utility industry. 
8. labour industry 


9. dummy industry 


The variation with time of the allocated construction ex- 
pense per unit of production for these nine industries is represented 


by the following equation: 
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eaten pee 


‘chabeteaal tanh 
sewotict 26 sve yon 7 

_utayhe! gcteria? qos AL 

comant ewtins? aeseavil §=.S 
_Seaatat gone nara” £ 
vitrabe! bsmniites x" | 
giizuhat ‘aang sissoals 2 : ; 7 7 
 eeteubert saifisgig {to..¢ mal ’ 
end eb usittiu aso {ewren NV | 
yvvdgquaei svedat «8 : 

ction yawb Ge 


bat nszores 2? esinseut onta soeay ‘wot aghtoobong to a Tnwere8 
: | | . -wotoaupe pet Fo 


7 


ed 


N 
~xa not rawiranan, hassaatle aee Ve onid Adin satteiev 5aT +g - 
i 
‘ 


(hg. ftn2 90 ny 
7 _ 


ee aah qe Jan : 


106 


Valid: forske- (eyes, 845m) secseecoeeco, core “If jo="lo=(restaential 
construction expense) then equation (A-7) applies for k = 27 (labour 
industry). 

The procedure and assumptions used to evaluate the Zi, § 
and bs, S will be explained in detail for the crop farming industry 
(k = 2). For the other eight industries the procedure followed was 
the same. The assumptions made and the results (the Zi, S and bay S) 
obtained for all of the nine industries will be summarized in Table 


B-1. 
CROP FARM INDUSTRY 


It is assumed that 

1. crop farm buildings are depreciated linearly over 
10 years 

2. if the price of industrial construction in year t-1 
is equal to its price in year t-2 (i.e. if V4 (t-1) = 1) 
then the industrial construction (measured in dollars) 
undertaken by the crop farming industry in year t-1 is 


equal to its average value over the year t-10 to t-2. 


3. |average annual construction over||average annual con- 
years t-10 to t-2 undertaken by ||struction over years 
the crop farming industry t-11 to t-2 undertaken 

by the crop farming 
industr 
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production in year t production in year t-] 
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The above simplifying assumptions are used to estimate 
the effect on crop product prices of increasing construction costs 
in a simple manner which does not necessitate a prediction of future 
construction activity. Assumptions 2 and 3 indicate that the annual 
construction of crop farm buildings does not increase significantly 
with time. 

It can be easily seen that 


9 y javerage annual construction 
average annual construction _ over year t-10 to t-2 


over year t-10 to t-]1 10 - 
(B-1) 
construction in year t-] 
10 
It follows from assumption 2 that 
construction in year = j/average annual construction}x 1, 4(t-1) (B-2) 
t-] over years t-10 to t-2 


revenues per unit product obtained by the 
construction industry in year t-1 


where 144 (t-1) 


revenues per unit product obtained by the 
construction industry in year t-2 


Equations (B-1) and (B-2) are combined to obtain: 


9 + 1,,(t-1) : 
average construction _ 14 : average construction over 
over years t-10 to t-1 10 years t-10 to t-2 fe 

B-3 


Assumption 3 is applied to equation (B-3) to yield: 
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(B-4) 


The crop farm buildings are depreciated over ten years. 


Consequently the following two equations are obtained: 


construction expense _ average construction over (B-5) 
assigned to year t years t-10 to t-2 
construction expense _ average construction over (B-6) 
assigned to year t-] years t-11 to t-2 


Equations (B-4), (B-5) and (B-6) are combined to give 


construction expense Gra atch construction expense 


assigned to year t 14 x assigned to year t-l (B-7) 
crop farming industry's 10 crop farming industry's 
production in year t production in year t-l 


The variable op cost, (t) was defined to be the cost to industry k, 
assigned to year t, of buying the amount of product j which it re- 
quires to produce one unit of product k in year t. Consequently, 


~ equation (B-7) becomes 
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By comparing equations (A-7) and (B-8) it can be seen 
that Z149 Se ohand Diao 1si0— “Values: of Zak and bay are ob- 
tained in a similar manner for the other eight industries concerned. 
The assumptions and results obtained for the nine industries are 


Summarized in the following table. 
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APPENDIX C 


(1) Treatment of Natural Gas Expense 
(2) Treatment of Electricity Expense 


(3) Treatment of Refinery Product Expense 
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TREATMENT OF NATURAL GAS EXPENSE 


There are three major categories of natural gas users 
and they are as follows: 

1. industrial users 

2. commercial users 


3. residential users 


Each of these consumer classes pays a different price for 
the natural gas it requires. Industrial users buy natural gas at 
a lower price than commercial users. This is because they use it at 
greater rate which results in a lower cost, per mcf of gas supplied, 
to the gas utility companies of installing the facilities necessary 
for the transportation of the gas to the consumer. Similarly, 
residential users pay a higher price for natural gas than commercial 
users. Unless stated otherwise all of the data used in this section 
applies to Alberta. 

Commercial consumers paid $2.0 more for 10 mcf's of natural 
gas in 1968 than industrial consumers (29). In the same year re- 
idential users paid $1.7 per mcf more than commercial consumers (29). 
It is assumed that until 1985 the price differential per 10 mcf 
between commercial and industrial users, and between residential and 
commercial users will always be $2.0 and $1.7 respectively. This 


assumption is necessary as otherwise three wee) values would have 
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to be calculated for the natural gas utility industry. Basically 
this would result in the number of unknowns in the basic model 
equations (A-19) exceeding the number of equations. An alternative 
approach could have been adopted. This would have been to assume 
that the relative prices (e.g. price paid by industrial users/price 
paid by commercial users) remained constant. This assumption would 
have been less realistic than the one which was actually used 
(Northwestern Utilities). 

This section can be divided into four parts and they are 

as follows: 

1. estimation of the relationship between the prices 
paid by the three classes of consumer for natural 
gas and the revenue obtained per unit product by the 
gas utility companies. 

2. derivation of equations relating changes with time in 
the prices paid by the the three consumer classes to 
the log (t) value. The relation between op costo, p(t)/ 
op costo, , (t-1) and Tog (t) is then determined for 
eee eeco. 

3. categorization of the natural gas using industries 
into the three types of consumer classes. 

4. estimation of variables which depend on predicted 
natural gas requirements of industrial, commercial, 


and residential users. 
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PART I 


In this part the prices paid by the three classes of 
consumer for natural gas are related to the revenues obtained per 
unit product by the gas utility companies. 

The unit of production of the gas utility industry is 
defined to be 10 mcf. The total revenues obtained by natural gas 
utilities in year t are equal to the sum of the revenues obtained 
from the three classes of natural gas users. This statement is put 


in the form of an equation as follows: 
Po¢(t) BaP CYT (thes Pet )YCCt) 4 PRIEYRG) (c=) 


where Pog (t) is the average revenue obtained from the sale of 10 mcf 
by the natural gas industry in year t. 

PI(t) is the price paid in year t by the industrial con- 
sumer for natural gas. 

PC(t) is the price paid in year t by the commercial con- 
sumer for natural gas. 

PR(t) is the price paid in year t by the residential con- 
sumer for natural gas. 

YI(t) is the fraction of the natural gas volume sold in 
year t which was bought by industrial consumers. 

YC(t) is the fraction of the natural gas volume sold in 


year t which was bought by commercial consumers. 
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YR(t) is the fraction of the natural gas volume sold in year t 
which was bought by residential consumers. 

Industrial consumers pay $2/10 mcf more for natural gas 
than commercial consumers. Residential users pay $1.7/10 mcf less 
than commercial users. Putting these two statements in the form 


of an equation yields: 


PI(t) PGCt}e-o2.0 (C-2) 
and 


PR(t) 


PCCE) st F27 (C-3) 
Equations (C-1), (C-2) and (C-3) are combined to yield: 


Pog(t) = Pct) : 2.0} 1(t) + PC(t)YC(t) + pct) + 1.7} YRC) 


Pc(t) [YI (t) + YC(t) + vR(+)| = 2-0Y l(t) tales VR(e) 


=APECL) = 2. OVLCt): + ley YR(t) (C-4) 

_ Therefore 
PCC a= Pog (t) tore OYit)yo= le VRC) (C-5) 
= Pog(t) + AC(t) (C-6) 
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where AI(t) = 2.0YI(t) - 1.7YR(t) - 2.0. 


Equations (C-3) and (C-5) are combined to give 


PR(t) = Pog (t) Eee SO EUG mame le VR Ct) eel, 
= Pog(t) + AR(t) (C-3) 
WHEPETAR(t) =se.08V I(t) — 1 /YR(C) 41s 7% 


Equations (C-6), (C-7), and (C-8) relate the prices paid 
by commercial, industrial, and residential users for natural gas 
to the revenues obtained per unit product by the gas utility com- 
panies. The values of AC(t), AI(t), and AR(t) are estimated for 
Gachwyear st, 19/2 <\t.< 1985, before the model is used: jheir 


values are determined in Part 4 of this Appendix. 
PART 2 


In this part the variation with time in the prices paid 
by the three consumer classes is related to the 156 (t) values. 


The value of 1,-(t) is equal to the revenue obtained per unit 


26 
product by the natural gas utility industry in year t divided by 


the revenue it obtained in year t-1. 


Applying equation (C-6) to 1973 it follows that 


PC(1973) 1973 ) + AC(1973) 


Pog 


156 (1973) Pog (1972) + AC(1973) (C-9) 
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where 156(1973) = Pog (1973) /Po¢ (1972). 


For 1972 equation (C-6) yields 
PC(1972) = P56 (1972) + AC(1972) (C-10) 


Equations (C-9) and (C-10) are combined to give 


PC(1973) 156(1973)P,¢ (1972) + AC(1973) 


tae a. (C-11) 
PC(1972) Pog (1972) ene One.) 
Similarly, 
PC(1974) 16201974) P52(1973) + AC(1974) 

eas 26 (C-12) 
PC(1973) Pg (1973) + AC(1973) 

Substituting for P46 (1973) in this equation yields 
PC(1974) : V5g (1974) 156 (1973) Pog (1972) + AC(1974) 
PC(1973) 156 (1973) Po¢ (1972) + AC(1973) 
In general 


BGC} : Vg (t) og (t-1 )---- Tg (1972) Pog (1972) + AC(t) 


(C-13) 
\ 
PC(t-1) Tog (t-1) log ( t-2) ---- 196 (1972) Pog (1972) + AC(t-1) 

where 156 (1972) = ], 

Similarly, 

PI(t) _ Log (t) log (t-1) ---- 19g (1972) Pog (1972) + AI(t) eas 


PI(t-1) log (t-1) 15g (t-2)----T9¢ (1972) Pog (1972) + AI(t-1) 
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and 

PR(t) Tog (t) log (t-1)----156(1972)P5¢(1972) + AR(t) 
——_- = —-- ss C-15 
PR(t-1) Tug (t-1) 16 (t-2)----15¢ (1972) P56 (1972) + AR(t-1) 


Equations (C-13), (C-14), and (C-15) relate the changes 
with time in the prices paid by the three consumer categories to 
the value of Tog (t). 

The next step is to relate op costo, 1 (t)/op costo, ,(t-1) 
to log (t) fOre le akececo: 

It is assumed that for each industry the quantity of 
natural gas required for unit production is constant and does not 
vary with time. It follows from this assumption that 


op COStog 1. (t) : Nog 4 (t) (0-16) 


op costo, ,(t-1) hog, (t-1) 


where op costa. ,(t) is the cost to industry k in year t of buying 
= > 
the amount of natural gas which it requires for unit production. 


h (t) is the cost to industry k of buying 10mcf (one 


265k 
unit) of natural gas in year t. 


If an industry 1 can be considered to be a commercial 
user of natural gas then 
Nog 14) aa) (C-17) 
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Gas utility companies in 1968 received $3.2 for each 


10 mcf of natural gas sold (29). Consequently, P,-(1972) is taken 


26 ( 
to bes3s2. 
A combination of equations (C-13), (C-16), and (C-17), 


and the value of P,-(1972) yields: 


26! 


op costo, (t) ; Tog (t) log (t-1)----156 (1972) reeds ale Cx 
Op COSto_ 1 (t-1) Tog (t-1) log (t-2) ----156(1972) x 3.2 + AC(t-1) 


(C-18) 
Similarly, if an industry m is considered to be an in- 


dustrial user of natural gas then 


op COStog Ct} f log (t) log (t-1) ---- 156 (1972) uo. Cet Alt) 


m 
Op costo, ato!) Tog (t-1) log (t-2) ---- 156 (1972) x 3.2 + AI(t-1) 
(C-19) 


Also if an industry n is considered to be a residential 


user of natural gas then 


op costo, ,,(t) Tog (t) 1og (t-1) ---- 156 (1972) x 3.2 + AR(t) 


op costo, (t-1) Tog (t-1) 15g (t-2) ---- 196 (1972) x 3.2 + AR(t-1) 
(C-20) 


The AC(t), AI(t), and AR(t) values are estimated in Part 
4 of this section and are thus known before equations (C-16), (C-17), 
and (C-18) are used. 

Now consider equation (C-18). If this equation is being 
used for 1973 then 156 (1973) is the only unknown on its right hand 
side. When the equation is being applied for 1974 the value of 156 


(1973) will already have been determined. Thus there is again only 
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one unknown (15¢(1974)) on the right hand side of equation (C-18). 

In general the only unknown on the right hand side of equation (C-18) 
is 156 (t) as Tyg(t-1), log (t-2) etc. will already have been estimated. 
Similarly, log (t) is the only unknown on the right hand side of equa- 
tions (C-19) and (C-20). Therefore, equations (C-18), (C-19) and 
(C-20) can be combined into the following general equation, which will 


have only one unknown, Tog (t) >» on its right hand side. 


op costoe 1, (t) ; C(t) + do (t)15¢(t) (A-8) 


op costo, ,(t-1) Seas is 


Gc= ieeenoree 


where C,(t) = AC(t)/ [Tyg (t-1) 19g (t-2)--==196 (1972) usicdt Ac(t-1)| 
Colt) = AL(t)/[Ipg(t-1)1pg(t=2)=-=-16(1972) x 3.2 + AL(t-1)] 


c(t) = AR(t)/[Tog(t-1) 19g (t=2)=---196(1972) aoe AR(t-1)| 


eee log (t-1) log (t-2)---- 196 (1972) x 3.2 
| log (t-1) log (t-2)----15¢ (1972) x 3.2 + AC(t-1) 
Wea ete o eae etl g7 2 xesk? 
dp(t) 26 26 26 
log (t=) log (t-2)---- 196 (1972) x 3.2 + AI(t-1) 
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The value of -e- selected for a given k will depend on 
whether industry k is a commercial, industrial, or residential con- 
Sumer of natural gas. These consumers are represented ‘by e values 
of 1, 2, and 3 respectively. 

When equation (A-8) is used the values of C(t) and d(t), 
1 <e < 3, will already have been estimated. Thus equation (A-6) 
relates op costo, ,(t)/op costo, ,(t-1) to 156 (t) and predetermined 


values. 
PART 3 


In this part of Appendix C the various industries which 
use natural gas are categorized into commercial, industrial, and 
residential consumers. This categorization is used to determine 
the e values which correspond to particular k values in equation 
(A-8). 

The following table shows the price paid by different 
Canadian industries in 1968 for natural gas. In this table the 
numbers in brackets indicate the references from which various 


values were taken. 
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TABLE .C-1 


PRICES PAID FOR NATURAL GAS IN 1968 


INDUSTRY PRICE PAID BY INDUSTRY 
FOR NATURAL GAS IN 1968 


chemical 35.3 ¢/mcf (30) 
feed A\".0" C/mcf- (31) 
architectural metals Co eey McCrae) 
wood b/eore/Mcr 135-50) 
iron mines 44.7 ¢/mcf (37) 
iron and steel mills 48.2 ¢/mcf (38) 
steel pipe and tube mills 44.2 ¢/mcf (39) 
petroleum refining 28.5 ¢/mcf (40) 


The average price paid in Canada in 1968 by commercial, 
industrial, and residential consumers was 73¢/mcf, 39¢/mcf, and 105¢ 
/mcf respectively (29). Table C-2 was estimated on the basis of 
this information and the data in Table C-1. The fertilizer, cement, 
and electric power industries consume large quantities of natural 


gas and are thus included in the “industrial natural gas user" cate- 


gory. 
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TABLE C-2 


CATEGORIZATION OF INDUSTRIES 


INDUSTRY NATURAL GAS 
CONSUMER CATEGORY 


chemical industry industrial 
fertilizer industry industrial 
feed industry industrial 
architectural metals commercial 
cement industrial 
wood products commercial 
iron mines industrial 
iron and steel mills industrial 
steel pipe and tube mills industrial 
electric power industrial 
petroleum refining industrial 
labour residential 
dummy commercial 
PART 4 


In order to estimate the ci(t)'s and d,(t)'s in equation 


(A-8) it is necessary to know the values of AC(t), AI(t) and AR(t). 


> 


7 _ i 7 - - r 
- ; 
’ - > v a 7 _ 7 
- _ a - we) : 
_ : 
: ; _ 
: : 
- S fe ~ : 
a iadiantaial _ 


" | | a ; 
. id ‘ _ etc le 
eauereen nT 3 aires on a) ve 


*stvtaun! viseuba 
teveseveal werrvbnt sett 
a ‘tonne J 
js* eee ziat= Tewdoe? tous 


ges pope) 


ip) we zamet : : 
i cael ei tim toate tas. mi i 
sduetedien’ ett tm sdut bra ont Fase 
isin} mde! 7; weeog uIndpe 
iol wentn’ qniahies 7 
tabgneeiie ee 48 


fetortcstsee 


126 


These values will now be estimated for 1973 < t < 1985. 


The predicted values of commercial and residential 


natural gas requirements in the following table were taken from an 


Oil and Gas Conservation Board publication (41). 


The predicted 


industrial requirements for natural gas were obtained from a 


Hu Harries report (42). 


YEAR 


PREDICTED NATURAL GAS REQUIREMENTS 


TABEES C= 


PREDICTED INDUSTRIAL PREDICTED COMMERCIAL PREDICTED RESI- 


REQUIREMENT FOR 
NATURAL GAS 


141.8 
149.4 
158.4 
168.7 
185.6 
2032c 
22351 
232.4 
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PAE Pa a 
264.0 
274.) 


REQUIREMENT FOR 
NATURAL GAS 


Billions of Cubic Feet 
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TABLE C-3 (continued) 


YEAR 


PREDICTED INDUSTRIAL PREDICTED COMMERCIAL PREDICTED RESI- 
REQUIREMENT FOR 


NATURAL GA 


284.4 
AEM ts) 


S 


REQUIREMENT FOR 


DENTIAL REQUIRE- 
MENT FOR NATURAL 
GAS 


Billions of Cubic Feet 


84.1] 
86.1] 


The following table is obtained directly from the data in Table 


D-3. 


YEAR 


FRACTION OF THE TOTAL NATURAL 
GAS SOLD IN YEAR t WHICH IS 
BOUGHT BY INDUSTRIAL CONSUMERS 
AG aie eee 


= Yitt 


PREDICTION OF YI(t) AND YR(t) 


0.550 
07557 
9.563 
0.569 
0.585 
0.600 


FRACTION OF THE TOTAL NATURAL 
GAS SOLD IN YEAR t WHICH IS 
BOUGHT BY RESIDENTIAL CONSU- 
MERS = YR(t) 

0.238 

0.234 

0.230 

0.226 
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TABLE C-4 (continued) 


YEAR 


FRACTION OF THE TOTAL NATURAL 
GAS SOLD IN YEAR t WHICH IS 


ae 0CC 


ae =| S| S| S| 2 C&S 


e015 
.618 
FO19 
6625 
BOag 
-632 
.634 
634 


FRACTION OF THE TOTAL NATURAL 
GAS SOLD IN YEAR t WHICH IS 
BOUGHT BY INDUSTRIAL CONSUMERS BOUGHT BY RESIDENTIAL CONSU- 


MERS = YR(t 


201 
. 200 
198 


ey (2 ey ©& 


. 194 
0.192 
0.190 
0.188 
0.187 


The following table is obtained from Table C-14 and the 


definitions of AC(t), AI(t), and AR(t). 


YEAR 


Wiehe 
1973 
1974 
1975 


TABLE C-5 


PREDICTION OF AC(t), AI(t) AND AR(t) 


AI(t) 

-1.305 
-1.284 
-1.265 
-1.246 


AR(t) 


Ceso 
2.417 
2.435 
2.454 
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TABLE C-5 (continued) 


YEAR AC(t) 
1976 Wasi) 
eg 0.845 
1978 0.888 
vee) 0.896 
1980 0.901 
198] 02920 
1982 Ons sre 
1983 0.94] 
1984 0.948 
1985 0.950 


TREATMENT OF ELECTRICITY EXPENSE 


It was originally intended to treat electricity expense 


. 104 
BUog 
.080 
068 
2059 
<0 
-050 


in the same way as natural gas expense. 


gories of electricty consumers were defined: 


1. industrial consumers 


2. commercial consumers 


3. domestic and farm consumers 
Commercial users paid a slightly higher rate in 1970 for 


electricity than domestic and farm consumers (43). 


The following three cate- 


Consequently, 
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it was decided to combine categories 2 and 3 into a single category 
called "nonindustrial electricity users". Thus it was then con- 
sidered that two classes of electricity users existed and these 
were: 

1. industrial users 

2. nonindustrial users 

Industrial users as defined by Statistics Canada generate 
their own electricty (43). In this analysis electricity was only 
considered as an industry's input cost if it was purchased from 
the electric power industry. Consequently, none of the industries 
analyzed fit into the first category of electricity users. Therefore, 
there is only one class of electricity user involved in the analysis. 
This is the reason that electricity expense is represented by 


equation (A-6). 
TREATMENT OF REFINERY PRODUCT EXPENSE 


It might appear that the refinery product expense should 
be treated similarly to natural gas expense. However, though some 
refinery products (e.g. gasoline) are sold in different markets at 
different prices, the netback to the refinery from the sale of re- 
finery products is nearly independent of the type of consumer to 
which they are sold. The existence of a refinery product price 


differential between different markets in Alberta is due to the 
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costs which are incurred beyond the refinery gate. Thus if re- 
finery costs become greater the price (at the refinery gate) of 

a refinery product to a consumer will probably be increased in 
the same proportion as the price to any other consumer. In this 
analysis the cost of product j to industry k(h sy) is the value of 
the commodity at its place of production. Consequently, equation 


(A-6) can be used for the oil refinery industry. 
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ESTIMATION OF 1972 VARIABLES 


To use the model which has been developed it is necessary 
to estimate the composition of the price of each system product for 
1972 (comp; (1972)). This estimation will be carried out in the 
following section. The industries will be considered in order of 
their industrial classification numbers. 

The information used was obtained from the following 
sources: 

1. Dominion Bureau of Statistics (DBS) catalogues, 

2. 1961 Canadian Input-Output Table (15), 

3. 1962 Alberta Input-Output Table (44), 

4. industrialists, 

5. economists, 


6. relevant literature. 


An industry's transportation expense is the cost of trans- 
porting materials to its place of manufacture. The expense incurred 
by industry A in using industry B's product is the cost to A of 
buying product 8B at B's place of manufacture. The actual trans- 
portation charges are considered to be cost inputs to industry A from 
the transportation industries involved. 

In this analysis natural gas is the commodity produced by 


the natural gas utilities. Wellhead natural gas is the natural gas 
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in the field before it has been transported to the utility companies. 

In general, the procedure followed in the estimation pro- 
cess will be to assume that the 1972 value of a variable is equal 
to its most recent known value. There are exceptions to this pro- 
cedure. They arise if the most recent value of the variable differs 
appreciably from values in earliers years. In this case the esti- 
mate for 1972 would be an average of the variable value over a num- 
ber of years. 

Sometimes variable values could not be obtained from past 
data and it was necessary to estimate them from a combination of 
known values. For example, consider four variables A, B, C, and D. 
It is desired to evaluate A/B for 1972 and its value for a pre- 
vious year is not available. However, A/D is known for 1969, D/C 
for 1970, and C/B for 1970. It would be assumed that these three 
values apply for 1972. Consequently, their product will give an 
estimate of A/B for 1972. 

Another problem encountered is that some of the desired 
variable values are only available for Canada. In some instances 
it is assumed that these values are also applicable to Alberta. 
Consider the electricity expense of the industrial chemicals in- 
dustry. It is is assumed that the value of electricity expense/re- 
venues for Alberta in 1972 is equal to the corresponding Canadian 
value in 1969. 

In other circumstances, Canadian figures are altered to 
make them more appropriate to conditions in Alberta. In Alberta, 


fuel oi] usage is very low as most of its functions are performed 
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by natural gas. In Eastern Canada, where the natural gas price is 
higher, fuel oi] is used to a much greater extent. Fuel oil costs 
are a component of the refinery product expense of an industry. 
Consequently, before applying Canadian figures for refinery product 
and natural gas expense to some Alberta industries it is necessary 
to modify them. This is because fuel oi] usage in Alberta is very 
small. For example, consider the feed manufacturing industry. The 
modification of the Canadian figures for refinery product and 
natural gas expense is based on the following assumptions: 

1. The only refinery products consumed by Alberta feed 
mills are gasoline and diesel oil. Other fuel oils 
are not used. 

2. Canadian and Alberta feed mills use the same volume 
of gasoline and diesel oil for each dollar spent on 
fuel and electricity. 

3. Diesel oil accounts for 14% of the fuel oi] volume 
consumed by Canadian feed mills. 

4. Natural gas expense accounts for the same percentage 
of fuel and electricity costs for both Alberta and 


Canadian feed mills. 


Assumption 3 comes from the fact that 14% of the fuel oil 
volume sold in Canada in 1970 was diesel oi] (45). This assumption 


is necessary because the Dominion Bureau of Statistics (DBS) 
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catalogue on feed mills only contains the amount of all fuel oils 
used and it is not possible to obtain the quantity of diesel oil 
used. This variable is necessary for the application of assumption 
2. It is estimated by the utilization of assumption 3. 

Assumption 4 is based on the fact that while the Alberta 
feed manufacturing industry uses a greater volume of natural gas 
per unit product (as natural gas is used instead of fuel oil) than 
its Canadian counterpart it also obtains it at a cheaper rate. 
Assumptions similar to the four mentioned above are used for other 
industries which are considered in the analysis. 

The DBS catalogues contain figures showing the expense 
to various industries of using refinery products. However, these 
figures include the costs of transporting the products from the 
refinery, wholesalers mark-up, marketing costs and taxes. To con- 
struct the input-output table it was necessary to estimate the 
money received by refineries from the sale of its various products 
_ to different industries: This was accomplished’ for many 
industries by adopting a procedure similar to the following one, 
which was applied to the chemical industry. This procedure was 
adopted to determine the fraction of the chemical industry's re- 


venues which were used to pay for gasoline. 


1. Determine the volume of gasoline used by the chemi- 


cal industry. 
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2. Estimate the revenue obtained by the refineries for 
each gallon of gasoline consumed by the chemical 
industry. 

3. Calculate the revenues received by the oil refineries 
from the chemical industry's expenditure on gasoline. 

4. Estimate the percentage of the chemical industry's 
revenues which are received by the oil refineries as 
a result of the chemical industry's use of gasoline. 

The revenue obtained by Canadian refineries per gallon 

of different products is summarized in the following table which 
was obtained by a simple manipulation of data given in the DBS 


catalogue on oil refineries(40). 
TABLE D-] 
REVENUES OBTAINED BY REFINERIES FROM VARIOUS PRODUCTS 


Refinery Product Value to Refinery 
Per Gallon - ¢/Gal. 


Gasoline 123 
Diesel oi] 1iz3 
Light and Heavy fuel oils 8.4 
Heavy fuel oi] aye) 
LPGs el 
Lube oils and grease 50.8 
Aviation turbine fuel 15 


Aviation gasoline 19.3 
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In the above table the figure for LPGs is for 1968. 

All the other figures are 1969 values. This is because the 1969 
figure for LPGs was not available. 

For each industry the only costs considered were those 
which accounted for at least 0.1% of the revenues obtained. Having 
discussed the problems of estimating 1972 variable values which 
are common to some of the twenty-eight industries it is now appro- 
priate to examine the individual industries and the problems which 


are peculiar to each of them. 
1. INDUSTRIAL CHEMICALS INDUSTRY 


Most of the data for this industry was taken from DBS 
publications (15, 30) or from the 1962 input-output table for 
Alberta (44). It is possible to estimate the percentages of 1969 
selling price of Alberta industrial chemicals which were used to 
pay for materials, fuel and electricity, and labour (30). It is 
not possible, without obtaining detailed cost figures from every 
chemical plant in Alberta to acquire a further breakdown of costs 
(for recent years) for the Alberta industrial chemicals industry. 
In order to subdivide material, fuel and electricity costs, it is 
necessary to manipulate Canadian data and to use some 1962 Alberta 
figures. 


The term comp 5; (%) is the estimated fraction of the revenues 
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obtained by the Alberta Chemical industry in year t which was used 


to pay for its use of input j. 


IRON AND STEEL MILL PRODUCT EXPENSE OF THE CHEMICAL INDUSTRY: 
ESTIMATION OF COMP 54 1 (1972) 


In 1962 the percentage of the selling price of Alberta 
industrial chemicals which was due to the primary metal expense 
incurred (44) was 1.3%. In 1961 the percentage of the primary 
metals expense of the Canadian chemical industry which was due to 
iron and steel mill products (15) was 47.2%. Assuming that these 
two percentages applied for Alberta in 1972 then compo, (1972) 
was 0.013 x 0.472 = 0.006. 


ELECTRICITY EXPENSE OF THE CHEMICAL INDUSTRY: 
ESTIMATION OF COMP 53 1 (1972) 


In 1962 the percentage of the selling price of Alberta 
~ industrial chemicals attributable to electricity and water ex- 
pense (44) was 2.2%. A reasonable estimate for compo, 7 (1972) 
would be 0.020 as a large percentage of the electricity and water 


expense would be due to electricity costs. 


REFINERY PRODUCT EXPENSE OF THE CHEMICAL INDUSTRY: 
ESTIMATION OF COMP 5 q 1 (1972) 


For the industrial chemicals industry there are two 
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sources of refinery product expense. Refinery products are used 
as fuel. They are also used as petrochemical feedstocks. In 
1969, Canadian refineries received $36,601,000 for petrochemical 
feedstocks (40). In 1970, Alberta chemical plants consumed 0.023% 
of the total volume of the petrochemical feedstocks (produced by 
refineries) used by Canadian industries (45). It is consequently 
assumed that the Alberta chemical industry contributed 0.023% of 
the money received by oil refineries in 1969 from the sale of pet- 
rochemical feedstocks. Therefore, the chemical industry in 
Alberta spent $36,601,000 x 0.023 on petrochemical feedstocks. In 
1969 the total value of production of Alberta industrial chemicals 
was $86,656,000 (30). Consequently, the percentage of the selling 
price of Alberta industrial chemicals which was due to petrochemi- 


cal feedstocks was 0.00023 x 36,601,000 x 100%. 
86,656 ,000 


For each dollar worth of fuel and electricity consumed 
in 1969 the Canadian chemical industry used 0.018 gallons of gaso- 
line (30). Oi] refineries received 13.3¢/gallon for gasoline 
(Table D-1). Therfore 0.018 x 0.133 dollars of each dollar spent 
by chemical plants on fuel and electricity is acquired by refineries 
In Alberta, fuel and electricity expense accounts for 6.9% of the 
selling price of chemical products (30). Consequently, the percen- 


tage which was due to gasoline (valued at the refinery gate) was 
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The portion of the price of industrial chemicals which 
results from the usage of refinery products is the sum of the con- 
tributions of petrochemical feedstocks and gasoline. Thus 


COMP oq (1972) is 0.0002 x 36,601,000 
43,913,000 
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which is zero (less than 0.001). This may appear to be a very 
surprising result but in actual fact there is a very small petro- 
chemical industry in Alberta. Ontario and Quebec are responsible 


for about 97% of Canada's petrochemical feedstocks consumption (45). 


NATURAL GAS EXPENSE OF THE CHEMICAL INDUSTRY: 
ESTIMATION OF COMP 4¢ 1 (1972) 


All of the data used in the estimation of compog 1 (1972) 
was for 1969 and was taken from Reference 30. Natural gas is con- 
sumed both as a raw material and as a fuel. The percentage of 
Canadian chemical plants' fuel and electricity costs attributable 
to their natural gas expense is 24.1%. Fuel and electricity costs 
are responsible for 6.9% of the price of Alberta industrial chemi- 
cals. The percentage of the 1972 price of Alberta crea pro- 
ducts which is due to the use of natural gas as a fuel is estimated 
to be 0.241 x 0.069 x 1002. 


Natural gas is responsible for 3.6% of the material costs 
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of the Canadian chemical industry. As there is such a small pet- 
rochemical industry in Alberta it could be argued that natural gas 
would account for less than 3.6% of material costs in this province. 
However, this overestimation of natural gas costs is balanced by the 
fact that the percentage of fuel and electricity costs which are 

due to natural gas usage was underestimated by accepting the 
Canadian figure. This is because natural gas is used in Alberta for 
purposes where fuel 011 would be used in Eastern Canada. Material 
costs accounted for 30% of the revenues of Alberta chemicals. The 
percentage of 1972 revenues which was attributable to the use of 
natural gas as a raw material is estimated to be 0.036 x 0.3 x 100%. 
Addition of the two natural gas contributions implies COMP og 7 (1972) 


mS cea exe 0s 0098 re 020360 x70.300 = 0-027. 


INTEREST EXPENSE OF THE CHEMICAL INDUSTRY: 
ESTIMATION OF BIE, (1972)/P, (1972) 


Interest expense accounted for 1.8% of the 1968 revenues 
of the Canadian chemical industry (46). Thus BIE, (1972)/P, (1972) 
is 0.018. 


PROFIT REQUIRED BY THE CHEMICAL INDUSTRY: 


ESTIMATION OF PROF, (1972) /P, (1972) 


The Canadian chemical industry obtained profits of 


$0.082 per unit revenue in 1968 (46). Therefore, PROF, (1972)/ 
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P, (1972) is 0.082. 


LABOUR EXPENSE OF THE CHEMICAL INDUSTRY: 
ESTIMATION OF COMP. 5 1 (1972) 


Labour expense accounted for 14.2% of the Alberta 
chemical industry's revenues in 1969 (30). Consequently, COMP o7 1 
O72 ise. 1427 

The values of all the other nonzero inputs to the chemical 
industry were taken from the 1962 Alberta input-output table (44). 
The following table was then obtained. It shows the fractions of 
the 1972 revenues obtained by the Alberta chemical industry which 


were used to pay for the various input costs. 
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TABLE D-2 


1972 INPUT VECTOR OF THE CHEMICAL INDUSTRY 


INPUT 


chemical products 
crop products 
livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 
Pacific water 
urban transit 

taxi 


aviation 


*industrial construction 


residential construction 


architectural metals 
cement 


forestry 


FRACTION OF THE CHEMICAL 


INDUSTRY'S 1972 REVENUES 


0.112 
0 
0 
0 
0 


.074 
ete 


OOo) OS 


0.007 
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TABLE D-2 (continued) 


1972 INPUT VECTOR OF THE CHEMICAL INDUSTRY 


INPUT 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 

profit 

wellhead crude oil 
wellhead natural gas 
labour 


**other expense 


* . . . 
the input from the industrial construction industry isa 
a result of the repair construction which is required. 


“the value corresponding to other expense is such that the 


FRACTION OF THE CHEMICAL 
INDUSTRY 2S 31972 REVENUES 


. 006 


.020 


6027 


.018 
. 082 


- 142 
407 


sum of the figures in column 2 is equal to one. 
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THE AGRICULTURAL INDUSTRY 


It was decided to divide this industry into three com- 
ponent industries: crop farming, livestock farming, and other 
farming. The subdivision was undertaken in order that the effect 
of increased petroleum prices on these component industries could 
be estimated. Crop farmers produce wheat, oats, barley, rye, 
mixed grain, flaxseed, rapeseed and tame hay. Livestock farmers 
produce cattle and calves, hogs, sheep and lambs, dairy produce, 
poultry produce and wool. "Other farmers" produce all other ag- 
ricultural products which are not produced by crop and livestock 
farms. 

Some of the information used in this section was taken 
from enterprise analyses prepared by the Marketing Division of 
the Department of Agriculture (47, 48, 49, 50). For example, this 
department analyzed the crop farming enterprise by studying a num- 
ber of crop farms. The farmers who take part in these analyses 
are normally in the top third farming income group. Consequently, 
the analyses are limited in that they give results which are not 
truly representative of farming in Alberta. However, they do point 
out the major operating expenses of a particular enterprise. 

Detailed figures are published by the Dominion Bureau of 
Statistics (51) and by the Economics Division of the Alberta De- 


partment of Agriculture (52) for the Alberta agricultual industry. 
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For example, the agricultural industry's expenditure on fertilizer 
can be obtained from these publications. However, using this re- 
ference alone, it was not possible to determine the fertilizer used 
by the component farming industries. To solve this problem it 

was necessary to distribute the total fertilizer costs among the 
three farming industries. Income in kind expense, industrial con- 
struction costs, electricity costs, refinery product costs, in- 
terest payments and profits were also allocated to the component 
farming industries after consultation with an agricultural econo- 
mist (Reg Norby) and a careful study of relevant enterprise 


analyses. 
DISTRIBUTION OF COSTS AMONG THE COMPONENT FARMING INDUSTRIES 


Unless stated otherwise all the cost distributions will 
have been estimated by Reg Norby. It should be noted that he 
based some of his estimates on experience as detailed information 
- was not always available. All costs for which absolute figures 
(dollars) are quoted are 1971 values and they were obtained from 


Reference 51 unless otherwise specified. 
1. DISTRIBUTION OF INCOME IN KIND EXPENSE 


Income in kind expense is the cost to the agricultural 


industry of consuming livestock or “other farm" products. 
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The use of crop products by the livestock industry is 
not considered to be an income in kind expense and will be dis- 
cussed at a later stage. The income in kind expenses of the 
agricultural industry due to the usage of livestock products and 
"other farm" products were respectively $13,882,000 and $4,563,000 
(51). It was decided to allocate these income in kind expenses 
among the three farming industries in proportion to their annual 


values of production. This is done in the following table. 
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2. DISTRIBUTION OF FERTILIZER COSTS 


Farmers spent $27,663,000 on fertilizer. About 47.4% 
of this money was received by fertilizer plants according to 
a source in the fertilizer industry (Chris Freeborn). Consequently, 
the agricultural industry paid $27,663,000 x 0.474 = $13,112,000 to 
the fertilizer industry for its product. Crop farmers and "other 
farmers" are responsible for 90% and 10% respectively of the ag- 
ricultural industry's fertilizer consumption. Therefore, the cost 
of fertilizer (valued at the fertilizer plant gate) to crop farmers 
1$.513,112,000.x.0:9 = $11,801,000. The.cost te “other farmers. is 
Sle sh DO0: 


3. DISTRIBUTION OF INDUSTRIAL CONSTRUCTION COSTS 


Industrial construction costs are represented in the ag- 
ricultural price determining equations by the variable which is 
- called depreciation of farm buildings. The value of this variable 
for the agricultural industry was $29,347,000. The percentages of 
this cost allocated to crop farming, livestock farming, and “other 
farming" were respectively 35%, 60%, and 5%. Therefore, the farm 
building depreciation allocated to crop farmers, livestock farmers, 
and "other farmers" was $10,272,000, $17,608,000, and $1,467,000 


respectively. 
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4. DISTRIBUTION OF ELECTRICITY COSTS 


The agricultural industry paid $10,198,000 for elect- 
ricity and telephone services. Assume $10,000,000 of this went 
to electricity companies. $9,500,000 and $500,000 of the agricul- 
tural electricity expense were allocated to livestock farmers and 


“other farmers" respectively. 


5. DISTRIBUTION OF REFINERY PRODUCT COSTS 


The agricultural industry spent $72,670,000 on refinery 
products. Farmers paid 26.4¢/gallon for gasoline and 13.7¢/gallon 
for diesel oil. Oi1 refineries received 13.3¢/gallon for gasoline 
and 11.3¢/gallon for diesel oi] (Table D-1). Consequently, the oi] 
refineries received 50% of the money spent by farmers on gasoline 
and 48% of their diesel oi] expenditure. Consequently, as there is 
no detailed breakdown of fuel costs it is assumed that the oil re- 
fineries received 49% of the agricultural industry's expenditure on 
all refinery products. Therefore, the oil refineries obtained 
$72,670,000 x 0.49 = $35,608,000 from this industry. Crop farmers 
contributed 65% of this amount, livestock farmers 30% and “other 
farmers" 5%. Therefore, crop farmers, livestock farmers and "other 
farmers" paid $23,145,000, $19,682,000, and $1,781,000 respectively 


to the oil refineries. 
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6. DETERMINATION OF PROFIT/REVENUES FOR THE 
COMPONENT FARMING INDUSTRIES 


In 1970 profit per unit revenue was 0.197 for a beef 
feeder enterprise (48) and 0.162 for a crop enterprise (47). In 
1971, profits were 33.1% of revenues for the agricultural industry. 
This value is approximately double the values given for the two 
enterprise analyses. Consequently, it would appear that the enter- 
prise analyses give values for profits/revenues which are too low. 

The enterprise analyses do indicate that crop farmers 
obtain a slightly lower amount of profit per unit revenue. However, 
1970 was a bad year for crop farmers. Consequently, it is assumed 
that the three component farming industries possess the same value 
for profits/revenues and this is 0.331, which is the figure for 


the agricultural industry. 


7. DISTRIBUTION OF PAYMENTS ON LONG TERM DEBT 


The interest on investment of an enterprise is the re- 
quired return (interest and profits) on the capital invested in the 
enterprise. 

The livestock industry obtains most of its revenues from 
the sale of cattle, calves and hogs. The cattle and calves pro- 


ducing industry is composed of two enterprises: the cow-calf 
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enterprise and the beef feeder enterprise. The values of interest 
on investment per unit revenue for the cow-calf, beef feeder, and hog 
enterprises are combined to give a value of this variable for the 
livestock industry. A similar value is known for a crop enterprise. 
The long term debt interest payments for the whole agricultural in- 
dustry will be allocated on the basis of the relative values 
of interest on investment per unit revenue for the crop farming and 
livestock farming industries. 

Interest on investment per unit revenue was 0.144 and 
0.161 respectively for a cow-calf enterprise in 1968 (49) and a 
beef feeder enterprise in 1970 (48). The interest on investment 
per unit revenue for the cattle and calves industry was obtained 


from the equation 


interest on investment interest on investment 

per unit revenue for _ |per unit revenue for aj xX a 
the cattle and calves beef feeder enterprise 
industry 


interest on investment 
+ per unit revenue for x (l-a) 
a cow-calf enterprise 


(D-1) 
This equation merely obtains a variable (interest on investment per 
unit revenue) value from the values of the variable for the indust- 
ry's component enterprises. The variable a is a weighting factor 


which depends on the relative income received by the beef feeder and 
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cow-calf enterprises. It was estimated by R. Norby to be 0.6 


Therefore 


interest on investment for} _ a 
bea and calves ieee = 0.161 x 0.6 + 0.144 x 0.4 = 0.154 


The interest on investment per unit revenue for the livestock in- 


dustry was obtained from the equation: 


interest on investment interest on investment 

per unit, revenue: for Sper uni tarevenves 107, 

the livestock industry the cattle and calves 
industry 


income from cattle and calves 


income from cattle, calves, 
and hogs 


interest on investment per unit 
revenue for a hog enterprise 


income from hogs 


income from cattle, calves, and 
hogs (D-2) 


The value of the ratio income from cattle and calves was 
income from cattle, calves,and hogs 
Ga Olen sA (le 
The interest on investment per unit revenue for a hog 
enterprise was 0.116 in 1970 (50). Therefore 


eee on investment per unit = quahvibve Wy gal & 


revenue for the livestock industry 
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The interest on investment per unit revenue for a crop 


enterprise in 1970 (47) was 0.363. Therefore 


interest on investment per unit revenue for livestock farming 
interest on investment per unit revenue for crop farming 


Stacie. v 2399 


It is assumed that the debt ratio is the same for livestock farming 


and crop farming. Therefore 


interest on debt per unit revenue for livestock farming _ 0.399 
interest on debt per unit revenue for crop farming 

Let y be the value of the interest on debt per unit revenue for a 
crop farm. Therefore interest on debt per unit revenue for a live- 
stock farm is 0.399y. It is assumed that the interest paid by the 
agricultural industry was $64,350,000 (51). 


agricultural industry unit revenue for live- Revenues 


Interest on debt for | _ finterest on debt per | Livestock 
X 
stock farming | 


unit revenue for revenues 


+ {interest on debt per crop 
X 
crop farming 


unit revenue for Revenues 


+ finterest on debt per "Other Farm" 
"other farming" 
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In the next few pages livestock revenues, crop revenues, and "other 
farm" revenues are estimated to be $574,347,000, $545,461,000 and 
$54,156,000 respectively. 

nererores 


Ga 3 00880. 399Y Xe 574534 7+ yx 545,461 tay x 545156 


Therefore, y = 0.078 and 0.399y = 0.031 


Consequently, crop farmers and “other farmers" used 7.8% 


of their revenues for debt payments. The corresponding percentage 


for livestock farmers is 3.1%. 


DISTRIBUTION OF LABOUR COSTS 


The following table was obtained from enterprise analyses 


(51, 47 - 50). 
TABLE D-4 

LABOUR COSTS OF FARM ENTERPRISES 

Enterprise Labour Cost Per 
Unit Revenue 

beef feeder $0.109 
cow-calf 0.134 
hog 0.200 


crop 02232 
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Wages to farm labour amounted to 43,798 thousand dollars 
(51). Using this fact, Table D-4, and the procedure followed for 
the distribution of interest payments, Table D-5 was obtained. 


TABLE D-5 


LABOUR COSTS PER UNIT REVENUE FOR THE THREE FARMING CATEGORIES 


Farming Industry Labour Cost Per 
Unit Revenue 


crop farming $0.047 
livestock farming 0.028 
"other farming" 0.047 


Consequently, crop farmers and “other farmers" used 
4.7% of their revenues to pay their labour costs. The corresponding 


figure for livestock farmers is 2.8%. 


ESTIMATION OF TOTAL REVENUES FOR THE 
COMPONENT FARMING INDUSTRIES 


In addition to the revenues obtained from the sale of 
commodities the agricultural industry also received income in kind 
due to house rent. This amounted to $58,670,000 (51). This house 
rent will be allocated to the three farming industries in proportion 


to their annual values of production. Crop farming, livestock 
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farming, and "other farming" are responsible for 46.5%, 48.9%, and 
4.6% of the value of production of the agricultural industry 
(column 3, Table D-3). Therefore, the house rent allocated to crop 
farming is $58,670,000 x 0.465 = $27,281,000. Similarly, livestock 
farmers and “other farmers" receive $28,690,000 and $2,699,000 
respectively (column 2, Table D-3). 

Crop farmers, livestock farmers, and "other farmers" 
produced commodities worth $518,180,000, $545,657,000, and 
$51,457,000 respectively (column 2, Table D-3). For each farming 
industry the total revenue is the sum of house rent and production 
value. Thus the total revenue for crop farming, livestock farming 
and "other farming" is $545,461,000, $574,347,000, and $54,156,000 


respectively. 
2. CROP FARMING INDUSTRY 


The term comp 5(t) is the estimated fraction of the re- 
- venues obtained by Alberta crop farmers in year t which was used 


to pay for input j. 


CROP PRODUCT EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION OF COMP 45 (1972) 


In 1970 crop farmers used 4.3% of their revenues to pay 


for seed (47). Thus COMPy» (1972) is 0.043. 
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LIVESTOCK PRODUCT EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION OF comp35(1972) 


The livestock expense to crop farmers was $6,455,000 
(Table D-3). Their total revenues were estimated to be $545,461,000. 
Therefore comp.5(1972) is 6,455/545,461 = 0.012. 


"OTHER FARM" PRODUCT EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION of COMP 45(1972) 


Crop farmers spent $2,122,000 on other farm products 
(Table D-3). Consequently, Comp y5(1972) is 2,122/545,461 = 0.004. 


FERTILIZER EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION OF comp, (1972) 


It has been already estimated that the cost of fertilizer 
to crop farmers was $11,801,000. Therefore comp,» (1972) is 
11,801/545,461 = 0.022. 


RAILROAD EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION Or comp>,(1972) 


The value of railroad expense/revenues for agriculture 


was 0.034 in 1962 (44). Thus comp+,(1972) AS TO OSE 
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TRUCKING EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION OF COMP o,(1972) 


In 1962 the agricultural industry used 7% of its re- 
venues to pay for trucking facilities (44). Therefore COMP a5 


C372 zis (0. 07.0. 


INDUSTRIAL CONSTRUCTION EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION OF COMP) 4 9(1972) 


The depreciation of farm buildings allocated to crop 
farmers was $10,272,000. Therefore COMP 4 9 (1972) isml0z272/ 
545,461 = 0.019. _ 


WOOD PRODUCT EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION OF COMP yg 9 (1972) 


For the agricultural industry in 1962 wood product ex- 
pense per unit revenue (44) was 0.005. Thus COMP yg 5 (1972) is 
0.005. 


REFINERY PRODUCT EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION OF COMPog (1972) 


Crop farmers paid $23,145,000 to the oil refineries. Con- 


sequently, COMP 54 9 (1972) is 23,145/545,461 = 0.042. 
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INTEREST EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION OF BIE(1972)/P,(1972) 


It has already been determined that crop farmers used 
7.8% of their revenues for debt payments. Therefore, BIE,(1972)/ 
P(1972) 1530-048. 


PROFITS REQUIRED BY THE CROP FARMING INDUSTRY: 


ESTIMATION OF PROF (1972)/P.,(1972) 


2 


It has been estimated that 33.1% of the crop farming 
industry's revenues were attributable to profits. Consequently, 


PROF ,(1972)/P.(1972) SS TUB SSN he 


LABOUR EXPENSE OF THE CROP FARMING INDUSTRY: 
ESTIMATION OF COMP 57 9 (1972) 


It has been estimated that labour expense accounted for 
4.7% of the revenues obtained by crop farmers. Thus compo7 (1972) 
is 0.047. 
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OTHER EXPENSE OF THE CROP FARMING INDUSTRY: 


ESTIMATION OF COMP 56 1972) 


o( 


The value of COMP 50 9 (1972) is obtained from the following equation: 


A 


eM PROF, (1972) BIE,(1972) 
COMPog 9(1972) =1-} comp ; (1972) pope SECC 179 Oe 


P,(1972) P 


a ( 


(1972) 


j=1 2 


RO, (1972) RG, (1972) 
es | | f0049 4 0,072 
P,(1972) P(1972) 


0.004 +°0:.022>+ 0.034 + 0.0/7 mts0.019- 40-005 


oo 


me, 04e2 + 02047 | = 0.078. = O.23t 95 0.293. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE CROP FARMING INDUSTRY 


The following table shows the fractions of the crop 
farming industry's 1972 revenues which were attributable to the various 


inputs. 


200.0 + C10.0 + 30.0 + 760.0 * $30.9 + 200.0 + 


debe + tht.p - bvd.0 - [00.0% S00 + _ 


Varewans QRLWWAT 2A FAT 10 ROTRIY THAT SVeT wT 70 ITAMIT 
cara att Ye anctsyedt sit gods ofded ontholist @AT, » 
molrév Sit ar SBdagudPytze sige totrte ceunover SYRE 2% taub 


1972 INPUT VECTOR OF THE CROP FARMING INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABLE D-6 


FRACTION OF CROP 
FARMER'S 1972 REVENUES 


(a) @y (2) 


oO 


043 
BO2 
. 004 
022 


034 
.070 


50) 9 
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TABLE D-6 (continued) 


1972 INPUT VECTOR OF THE CROP FARMING INDUSTRY 


ar rr 


INPUT 


wood 

iron mines 

iron and steel mills 
Steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 

profit 

wellhead crude oi] 
wellhead natural gas 
labour 


other expense 
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FRACTION OF CROP 
FARMER'S 1972 REVENUES 
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042 
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3. LIVESTOCK FARMING INDUSTRY 


The term comp ;,(t) is the estimated fraction of the re- 
venues obtained by Alberta Livestock farmers in year t which was 


used to pay for input j. 


CROP EXPENSE OF THE LIVESTOCK FARMING INDUSTRY: 
ESTIMATION OF comp, (1972) 


The crop expense per unit revenue for the livestock in- 
dustry is obtained by combining the value of this variable for 
beef feeder, cow-calf, and hog enterprises. Grain and roughage 
are considered to be the crop inputs of the livestock industry. 

For a beef feeder enterprise, grain and roughage costs were 
responsible for 43.7% of revenues (48). For a cow-calf enterprise 
the only available figure was a combined one for grain and feed. 

To obtain a value for the grain costs of. this enterprise it is 

~ necessary to assume that grain costs contribute the same fraction 
of grain and feed costs in both a beef feeder and a cow-calf en- 
terprise. This fraction was 0.838 (48). Therefore, for a cow-calf 
enterprise 


0.838 (grain and feed costs) 
grain and roughage costs _ {+ roughage costs 


revenues revenues 
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Using this equation and the results of a cow-calf enterprise analy- 
sis (49), a value of 0.339 is obtained for grain and roughage costs 
for unit revenue. 

The following equation is analogous to equation (D-1), 


which was used when interest payments were distributed. 


per unit revenue for the 
cattle and calves industry 


per unit revenue for a 


grain and roughage costs 
beef feeder enterprise 


ae and roughage a 


per unit revenue for a 


grain and roughage costs 
(Eg ey Ge x0. 4 
cow-calf enterprise 


O-4370x70 56 470339 (x 074 


0.398 
For a hog enterprise in 1967 the value of the ratio 


grain costs/ (grain and feed costs) was 0.739 (53). Therefore, for 


this enterprise 


0.739 (grain and feed costs) 
grain and roughage costs _ + roughage costs 
revenues revenues 


From this equation and the results of a cow-calf enterprise (50), 
a value of 0.290 is obtained for grain and roughage costs per unit 
revenue for the cattle and calves industry. 


The following equation is analogous to equation (D-2). 
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per unit revenue for 


grain and roughage costs 
livestock industry 


grain and roughage costs 
per unit revenue for the Xe077 6) 


cattle and calves industry 


fer and roughage costs 
+ 


per unit revenue for a X105239 
hog enterprise 
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Therefore, 37.2% of the livestock industry's revenues are 
used to pay for crop products. In 1968 transportation charges were 
responsible for 7.17% of the wholesale price of oats (64). Con- 
sequently, it is reasonable to assume that 7.2% of the livestock 
farmer's crop expense was due to freight charges. 


Therefore comps, (1972) 1S) On G/20x% 0-928 = Ub 45 


LIVESTOCK EXPENSE OF THE LIVESTOCK INDUSTRY: 
ESTIMATION OF comp 4,(1972) 


The livestock expense allocated to the livestock industry 
was $6,788,000 (Table D-2). The revenues of this industry were 
$574,347,000. Therefore comp (1972) 159647 00/514,047 =s0e0e. 


"OTHER FARM" PRODUCT EXPENSE OF THE LIVESTOCK INDUSTRY: 
ESTIMATION OF comp, (1972) 


The livestock industry spent $2,231,000 on “other farm" 
products (Table D-2). Thus comp, (1972) is 2,231/574,347 = 0.004. 
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BEEDEEXPENSE?* OR THEeLIVESTOCK INDUSTRY: 
ESTIMATION OF comp, (1972) 


The agricultural industry spent $50,000,000 on feed. As 
there are no intermediate industries and little transportation in- 
volved, about 95% of this money was received by feed mills. Assu- 
ming that all of the feed was consumed by the livestock industry, 
then the feed mills received $50,000,000 x 0.95 = $47,500,000 from 
this industry. Therefore, compe.(1972) is 47,500/574,347 = 0.083. 


RAILWAY EXPENSE OF THE LIVESTOCK INDUSTRY: 
ESTIMATION OF comps (1972) 


The value of comp24(1972) is taken to be zero. This is - 
because the major inputs (crops, feed and refinery products) of 


this industry are nearly always transported by truck. 


TRUCKING EXPENSE OF THE LIVESTOCK INDUSTRY: 
ESTIMATION OF compy.(1972) 


It has already been estimated that 5% of feed expense and 
7.2% of crop expense were attributable to trucking charges. In 
1968 freight charges accounted for 6% of the price of gasoline (54). 


Consequently, it is assumed that 6% of refinery product expense is 


~ybak st vaibhah WP bedtsha aie yeti ante. Yo 22: Juods nates 
ert cribs! aaa a Se eres pay, Gent erty to Ifo s60d Qele 
con't Demlansihe "26-014 80, a60. Sat Devteoey zi] tu best sit nei 
£88.0 < Toe, nieume. + wi ica ia ,srorewodT scaevbal etdd 


arena ¥I0TZIV13 IAT 30 2G ore 
(SOR em 30 WOTTAATT2a 


ot 2}dT. -oxes sd odspnatea: 2? F (set goa Ye euTeu sft ‘ions 
+0 as suiheeg. yianterr tee haat e2qovo) etuqnt soem add = 
Bia yd Waeroqene syowis y[1son O78 care 


ae 


| siaalant wera ye 30 ee 


due to trucking costs. Using these values the following equation 
is obtained: 


Trucking peng | > See) expense 


per unit revenue per unit des Seg nee 


+ 


Feed expense per 
iescd revenue | AGI 


datas product expense x 0.06 
per unit revenue ; 
(D-3) 


Crop expense per unit revenue is 0.372. Feed expense per unit 
revenue is 50,000/574,347 = 0.087. The agricultural industry spent 
$72,670,000 on refinery products. Livestock farmers contributed 
30% of this amount. Therefore the refinery product expense per 


unit revenue was 72,670 x 0.3 
574,347 


= 0.038" Substituting into equation 


(D-3), a value of 0.033 is obtained for trucking expense per unit 


revenue (comp,,(1972)). 


INDUSTRIAL CONSTRUCTION EXPENSE OF THE LIVESTOCK INDUSTRY: 
ESTIMATION OF COMP, y 3 (1972) 


The depreciation of farm buildings allocated to the live- 
stock industry was $17,608,000. Therefore comps 4 (1972) is 
17,608/574,347 = 0.031. 
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WOOD PRODUCT EXPENSE OF THE LIVESTOCK INDUSTRY: 
ESTIMATION OF COMP) g 3 (1972) 


Wood product expense per unit revenue in 1962 was 0.005 


for the agricultural industry (44). Thus COMP g 3 (1972) is 0.005. 


ELECTRICITY EXPENSE OF THE LIVESTOCK INDUSTRY: 
ESTIMATION OF comp, (1972) 


The agricultural electricity expense assigned to the 
livestock farming industry was $9,500,000. Consequently, 
compo, 4(1972) Sey, 500/574) 3470 OS0 Tis 


REFINERY PRODUCT EXPENSE OF THE LIVESTOCK FARMING INDUSTRY: 
ESTIMATION OF COMP 54 3 (1972) 


Livestock farmers paid $10,682,000 to the oil refineries. 
Therefore COMP og 3 (1972) is 10,682/574,347 = 0.019. 


INTEREST EXPENSE OF THE LIVESTOCK FARMING INDUSTRY: 
ESTIMATION OF BIE.(1972)/P(1972) 


Livestock farmers used 3.1% of their revenues for in- 


terest payments. Thus BIE,(1972)/P3(1972) S08 OS lie 


Aw. at 2 (Sy gi aut (98) canst ntate 


“Lywrewutt dpoTew 1a St 20 savadKa YN 

eh (SHEN) gpg? 
a 

cis at baneteas eanagee gi ahyael* ta 

‘ygfieenoszre> — .G00,008,08 26 yd aunt gnlnst Aondaatl = 

j  STO.a = VE, Me \008,8: t rane 


<esevdaite aims seedy: HT 70 3enaeKd TaMOON ‘yaaa 
(Sk01) g: pean 30 HOTTA!» 


sori Ct ea Wes eimey nese a a 
RIOD = VE Pte, 0! zt GUE ae © ; 


ay 


| sistas saoreaets 3 40° sade 
- ster) asker) 18 40 OM 


17] 


PROFITS REQUIRED BY THE LIVESTOCK FARMING INDUSTRY: 
ESTIMATION OF PROF 3(1972)/P.(1972) 


33.1% of the livestock farming industry's revenues were 
due to profit requirements. Consequently, PROF (1972) /P(1972) 
LS oo Sik. 


LABOUR EXPENSE OF THE LIVESTOCK FARMING INDUSTRY: 
ESTIMATION OF comp,5 3 (1972) 


Labour expense accounted for 2.8% of the revenues ob- 


tained by livestock farmers. Thus COMP.4 3 (1972) is 0.028. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE LIVESTOCK 
FARMING INDUSTRY 


The following table shows the fractions of the livestock 
farming industry's 1972 revenues which were due to the use of 


various inputs. 
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TABLE D-/ 


1972 INPUT VECTOR OF THE LIVESTOCK INDUSTRY 


INPUT FRACTION OF LIVESTOCK 
FARMERS' 1972 REVENUES 


chemical products 
crop products 2345 
livestock products .012 
other farm products .004 
fertilizer 
feed .083 


railroad 
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trucking 2033 
inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 03] 
residential construction 


architectural metals 


cement 
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TABLE D-7 (continued) 


1972 INPUT VECTOR OF THE LIVESTOCK INDUSTRY 


a Ee 


INPUT FRACTION OF LIVESTOCK 
FARMERS' 1972 REVENUES 


wood 0.005 
iron mines 0 
iron and steel mills 0 
Steel pipe and tube mills 0 
electricity On01% 
refinery products 0.019 
011 pipeline 0 
natural gas 0 
bond interest 0.031 
profit 07331 
wellhead crude oil 0 
wellhead natural gas 0 
labour 0.061 
other expense 0.028 
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4. "OTHER FARMING" INDUSTRY 


The term comp <q (t) is the estimated fraction of the re- 
venues obtained by the “other farming" industry in Alberta in year 


t which was used to pay for input j. 


LIVESTOCK PRODUCT EXPENSE OF THE “OTHER FARMING" INDUSTRY: 
ESTIMATION OF comp (1972) 


The livestock product expense and the revenues of the 
"other farming" industry were estimated to be respectively $639,000 
(Table D-3) and $54,156,000. Consequently, comp, (1972) is 
639/54,156 = 0.012. 


"OTHER FARM" PRODUCT EXPENSE OF THE “OTHER FARMING" INDUSTRY: 
ESTIMATION OF comp 44 (1972) 


The "other farming" industry spent $210,000 on "other 
farm" products (Table D-3). Thus comp, 4 (1972) is 210/54,156 = 
0.004. 


FERTILIZER EXPENSE OF THE "OTHER FARMING" INDUSTRY: 
ESTIMATION OF compe, (1972) 


The agricultural fertilizer expense assigned to ‘other 
farmers" was $1,311,000. Therefore, comp, 4 (1972) 1Sle 304s 155 
= 0.024. 
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RAILROAD EXPENSE OF THE "OTHER FARMING" INDUSTRY: 
ESTIMATION OF comp, ,(1972) 


In 1962, the agricultural industry used 3.4% of its 
revenues to pay for the cost of railroad facilities (44). Con- 


sequently comps, (1972) ise Og 0G4s 


TRUCKING EXPENSE OF THE "OTHER FARMING" INDUSTRY: 
ESTIMATION OF compa, (1972) 


Trucking expense per unit revenue for the agricultural 


industry in 1962 was 0.070. Thus comp (1972) is 0.070. 


INDUSTRIAL CONSTRUCTION EXPENSE OF THE "OTHER FARMING" INDUSTRY: 
ESTIMATION OF COMP 4 4 (1972) 


The depreciation of farm buildings allocated to "other 
farmers" was $1,467,000. Therefore COMP, q 4 (1972) is 1,467/54,156 
= 0.027. 


WOOD PRODUCT EXPENSE OF THE “OTHER FARMING" INDUSTRY: 
ESTIMATION OF COMP g 4(1972) 


For the agricultural industry in 1962, wood product ex- 


pense per unit revenue was 0.005 (44). Thus COMPyg 4 (1972) is 0.005. 


att 


ras ani 

ta hid: PAL ’ 
_— axa Oh 

3 340 ¥ sort MT rx 


a 


att Ta See penis ighteabor “Tawa 'uaryes: wey S08 
{ta} cies ine Gsovitey To 3269 ‘Sd av Peer] ; 
(880,628 sce) com § aupse 


“2p! 


i. ~~ 
smrezuatt “MING nia iil w sued } gnezti 


et ee 
a 
- a - ie 
fooutfuotses Shik vet ne. ifn eq sereqee pntioust = : 
rp at GET gm? sont 070.0 enw SOOT tae beh 


oi 


Tou VOMEMRAT AoeTO" “SHT ww caine non Toten ANA ave 
., 


(STEN), prmme? 50 vOrTANETE! 
: 


te 
anita oF begesot ts semtht tad me? Yo ntiatsiae _ 


a Ty. et (Her, hae ave twrsaT nee ‘cou nian “et 


‘ | 7] | ‘aae 


Linco 


a pene 


ae swt rime panto” 3 wt sr wi 
| : — re 


176 


ELECTRICITY EXPENSE OF THE "OTHER FARMING" INDUSTRY: 
ESTIMATION OF COMP 3 4(1972) 


The electricity costs of the "other farming" industry were 
estimated to be $500,000. Consequently, COMP, 3 (1972) is 
500/54,156 = 0.009. 


REFINERY PRODUCT EXPENSE OF THE "OTHER FARMING" INDUSTRY: 
ESTIMATION OF COMP 5 4 q (1972) 


"Other farmers" paid $1,781,000 to the oil refineries. 


Therefore, COMP oy q (1972) 1S 15701 /54. 190.=, 0.033. 


INTEREST EXPENSE OF THE "OTHER FARMING" INDUSTRY: 
ESTIMATION OF BIE, (1972)/P, (1972) 


"Other farmers" used 7.8% of their revenues for interest 


payments. Thus BIE, (1972)/P4(1972) hey 8 OAS, 


PROFITS REQUIRED BY THE "OTHER FARMING" INDUSTRY: 


ESTIMATION OF PROF 1972)/P, (1972) 


A 


The “other farming" industry used 33.1% of its revenues 
to meet its profit requirements. Consequently, PROF ,(1972)/P, (1972) 
15803331 
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LABOUR EXPENSE OF THE "OTHER FARMING" INDUSTRY: 
ESTIMATION OF compy7 4 (1972) 


Labour expense accounted for 4.7% of the revenues ob- 
tained by the "other farming" industry. Thus COMP 57 4 (1972) is 
0.047. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE "OTHER FARMING" 
INDUSTRY 


The following table shows the fractions of the “other 
farming" industry's 1972 revenues which were attributable to the 


various inputs. 
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1972 INPUT VECTOR OF THE “OTHER FARMING" INDUSTRY 


INPUT 


ee ee 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABLE D-8 


FRACTION OF THE "OTHER 
FARMERS" 1972 REVENUES 
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TABLE D-8 (continued) 


1972 INPUT VECTOR OF THE "OTHER FARMING" INDUSTRY 


INPUT FRACTION OF THE "OTHER 
FARMERS" 1972 REVENUES 


wood 0.005 
iron mines 0 
iron and steel mills 0 
steel pipe and tube mills 0 
electricity 0.009 
refinery products 0.033 
oil pipeline 0 
natural gas 0 
bond interest 0.078 
profit | Qr33) 
wellhead crude oil 0 
wellhead natural gas 0 
labour 0.047 
other expense 0.326 


5. FERTILIZER INDUSTRY 


The Dominion Bureau of Statistics only publish figures 
for the mixed fertilizer industry. This industry is not the 
equivalent of the fertilizer industry in that it does not include 
the whole of the fertilizer manufacturing process. The first step 
in the production of fertilizer is the conversion of natural gas 


into ammonia and ammonia compounds. The mixed fertilizer industry 


analyses the situation after this conversion has taken place. Con- 


sequently, ammonia and its compounds are considered as inputs to 
this industry. The fertilizer industry as thought of in this ana- 
lysis embraces the wholse process of fertilizer manufacture. It 
includes the conversion of natural gas into ammonia and its com- 
pounds. Thus natural gas and not ammonia is-an input of the 
fertilizer industry. Consequently, DBS catalogues were not used 
in this section. 

All of the information used was obtained from a person 
(Chris Freeborn) in the fertilizer industry. There are many dif- 
ferent types of fertilizer and they have a wide range in prices. 
Before the data was given it was weighted to allow for these dif- 
ferences. The information acquired is summarized in the following 
table. It should be noted that the figures in this table are 


approximate. 
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TABLES D=9 


INPUT COSTS PERS TON ORSFERTIVIZER 


INPUT 


chemical products 

railroad charges 

truck charges 

Pacific water transport charges 
electric power 

natural gas 


labour costs 


The average value of fertilizer at the plant gate is $45 per ton. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE FERTILIZER INDUSTRY 


COST PER TON OF 


FERTILIZER PRODUCED 


$0.3 
$3.3 
Mig! 
$6 

$1.0 
$2.6 
$7 


18] 


The following table was easily obtained from the information 


which has just been displayed. 
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1972 INPUT VECTOR OF THE FERTILIZER INDUSTRY 


INPUT 


chemical products 
crop products 
livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 
Pacific water 
urban transit 

taxi 


aviation 


industrial construction 


residential construction 


architectural metals 
cement 


forestry 


TABLE _D-10 


FRACTION OF THE 1972 REVENUES 
OP THE. FERRILIZER INDUSTRY 


0. 
0 
0 
0 
0 
0 
0 
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TABLE D-10 (continued) 


1972 INPUT VECTOR OF THE FERTILIZER INDUSTRY 


INPUT FRACTION OF THE 1972 REVENUES 
OF THE FERTILIZER INDUSTRY 


wood 0 
iron mines 0 
iron and steel mills 0 
Steel pipe and tube mills 0 
electricity O7022 
refinery products 0 
011 pipeline 0 
natural gas 0.058 
bond interest 0 
profit 0 
wellhead crude oil 0 
wellhead natural gas 0 
labour 0.156 
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6. FEED MANUFACTURERS 


All of the data in this section was obtained from DBS 
catalogures (31, 55, 56, 15), the 1962 Alberta input-output table, 
and a report prepared for the Royal Commission on transportation 
in the Prairies (54). Unless stated otherwise the data used in 
this section applies to 1961. 

The term comp «6 (t) is the estimated fraction of Alberta 
feed mill revenues in year t which must be paid to industry j for 


the use of its product or service. 


CHEMICAL PRODUCTS EXPENSE OF FEED MILLS: 
ESTIMATION OF comp, ¢(1972) 


The percentage of the materials costs of Canadian feed 
mills which is due to the consumption of chemical products (15) 
is 0.4%. From 1967 to 1969, an average of 75.7% of Alberta feed 
mill revenues was used to pay for raw materials (31, 55). Con- 


sequently, comp, _(1972) 758 02004°s/05757"=)0.003% 


CROP PRODUCT EXPENSE OF FEED MILLS: 
ESTIMATION OF comp (1972) 


The average fraction of Alberta feed mill revenues at- 


tributable to the payment of crop product expense in 1968 and 1969 
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(55) was 0.303. This value includes the transportation of crop 
products to the feed mills. About 5.51% of crop product expense 
is due to transportation (54). Therefore, COMPo¢ (1972) is 

OF303 eye Cle 0- 0551) =" 0.286. 


"OTHER FARM" PRODUCT EXPENSE OF FEED MILLS: 
ESTIMATION OF compy (1972) 


"Other farm" product expense is responsible for 0.5% of 
the material costs of a Canadian feed mill (15). Thus, using the 
average fraction of revenues for 1967 to 1969 which is attributable 


to material costs, comp y¢ (1972) 1s 0-005 x%70:75/ = 0.004. 


BEC UeMLL PRODUCTEXPENSE (OF FEED MILES: 
ESTIMATION OF compe. (1972) 


Feed mill product expense accounts for 10.1% of the 
- material costs of a Canadian feed mil1(15). Consequently, COMP E ¢ 


ove jatswucl Ulex Oy oe) 060/60). 


RAILROAD EXPENSE OF FEED MILLS: 
ESTIMATION OF comp7_¢ (1972) 


For Alberta, grain mills in 1962 (feed mills and flour 
mills) railroad expense accounted for 1.1% of revenues (44). Thus 


comp,¢ (1972) TSeveol le 
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TRUCKING EXPENSE OF FEED MILLS: 
ESTIMATION OF comp og (1972) 


Trucking expense was responsible for 4.1% of the revenues 
received by Alberta grain mills in 1962 (44). Consequently, 
compe, (1972) TSeOe04 Ie 


INDUSTRIAL CONSTRUCTION EXPENSE OF FEED MILLS: 
ESTIMATION OF COMP, 4 g (1972) 


Industrial repair construction expense accounted for 2.1% 
of the revenues received by Alberta grain mills in 1962 (44). 


Therefore, COMP, 4 g (1972) 1sa0e02] 2 


TRON AND STEEL MILL PRODUCT EXPENSE OF FEED MILLS: 
ESTIMATION OF COMP 51 g (1972) 


Iron and steel mill products were responsible for 0.3% 
of the material costs of Canadian feed mills (15). Thus COMPo, ¢ 
(O72 eISeUL 00S % Uses 57 = 02.0Uc. 


BLECTRI GIy cEXPENSE.LOF FEED MILLS: 
ESTIMATION OF COMP 53 g (1972) 


For Canadian feed mills in 1968 and 1969, electricity 
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expense accounted for an average of 43% of their fuel and elect- 
ricity costs (55, 56). The average percentage of the revenues ob- 
tained by Alberta feed mills in the years 1967 to 1969 which was 
attributable to fuel and electricity expense was 1.2% (31, 55). 
Thus compo, ¢ (1972) 1S 024 38xX7020120=2.0.005. 


REFINERY PRODUCTS EXPENSE OF FEED MILLS: 
ESTIMATION OF compoy g (1972) 


For each dollar worth of fuel and electricity consumed in 
1970, Canadian feed mills used 0.84 gallon of gasoline and 0.75 
gallons of fuel oi] (56). If 14% (explained at the beginning of 
this Appendix) of this fuel oil is diesel oil, then the quantity 
of diesel 071] consumed was 0.14 x 0.75 gallons = 0.105 gallons. 
Oil refineries received 13.3¢/gallon for gasoline and 11.3¢/gallon 
for diesel oil (Table D-1). Therefore, 0.84 x 0.133 + 0.105 
x 0.113 = 0.124 dollars for each dollar spent by feed mills on fuel 
and electricity is received by oil refineries. Consequently, as 
fuel and electricity expense accounts for 1.2% of revenues, COMPog 6 
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NATURAL GAS EXPENSE OF FEED MILLS: 
ESTIMATION OF COMPog ¢ (1972) 


Natural gas expense accounted for 7.9% of the fuel and 
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electricity expense of Canadian feed mills in 1970 (56). Consequent- 


ly; comPog (1972) 15902079 exe. 0122="0,001. 


ENTEREST EXPENSES OF FEED MILLS: 


ESTIMATION OF BIE 1972)/P,(1972) 


g ( 


For Canadian grain mills in 1968, interest payments 


accounted for 1.2% of revenues (46). Therefore, BIE (1972)/P, (1972) 
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PRUGD IS REQUIRED eDY FEED MILLS: 
ESTIMATION OF PROF ¢ (1972)/P, (1972) 


Profits per unit revenue obtained by Canadian grain mills 


in 1968 were $0.036 (46). Thus PROF ¢ (1972)/P, (1972) 1s 0.036. 


LABOUR EXPENSE OF FEED MILLS: 
ESTIMATION OF COMP y+ g (1972) 


Alberta feed mills used 9.8% of their 1969 revenues to 


pay their labour costs (55). Consequently, COMP 7 g (1972) is 0.098. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE FEED INDUSTRY: 


The following table shows the fractions of the 1972 re- 


venues of feed mills which were used to pay for their various inputs. 
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1972 INPUT VECTOR OF THE FEED INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABLE D-11 


FRACTION OF 1972 
FEEDSPRICE 
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TABLE D-11 (continued) 


1972 INPUT VECTOR OF THE FEED INDUSTRY 


INPUT 


wood 

iron mines 

iron and steel mills 
Steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 

profit 

wellhead crude oil 
wellhead natural gas 
labour 


other expense 


FRACTION OF 1972 
FEEDsPRICE 
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7. RAILROAD INDUSTRY 


The information used in this section was taken from two 
of the 1970 DBS catalogues on railroads (57, 58) and the 1962 
Alberta Input-Output Table (44). Unless otherwise stated, the figures 
taken from the DBS catalogures were obtained by combining the data for 


the Canadian Pacific, Canadian National and Northern Alberta railroads. 


INDUSTRIAL CONSTRUCTION EXPENSE OF THE RAILROAD INDUSTRY: 
ESTIMATION OF COMP 4 7 (1972) 


Depreciation of road property accounted for 4.4% of re- 


venues in 1970 (57). Therefore, COMP. 4 7 (1972) is 0.044. 


IRON AND STEEL MILL PRODUCT EXPENSE OF THE RAILROAD INDUSTRY: 
ESTIMATION OF COMP 5 4 (1972) 


The use of primary metal products was responsible for 
4.43% of the revenues of the Alberta railroad industry in 1962 (44). 
The percentage of the cost of primary metals to the Canadian trans- 
portation and storage industry in 1961, which was attributable to 
iron and steel mill products (15), was 44.4%. Consequently, 


compo, 7(1972) 15.0.043°%.0-444 = 0-019. 
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REFINERY PRODUCT EXPENSE OF THE RAILROAD INDUSTRY: 
ESTIMATION OF COMP», 7 (1972) 


Canadian railroad companies in 1970 consumed 0.029 
gallons of fuel oil, 0.249 gallons of diesel oil, and 0.003 gallons 
of gasoline foe each dollar of revenue received (57, 58). Oi] 
companies received 8.4¢/gallon for fuel oil, 11.3¢/gallon for diesel 
oil and 13.3¢/gallon for gasoline (Table D-1). Therefore, COMPog 7 
W972) esi. 0299x 0, 0845470. 2495x507 1135470-003).x%.0- 1339-80-03), 


INTEREST EXPENSE OF THE RAILROAD INDUSTRY: 
ESTIMATION OF BIE5(1972)/P5(1972) 


The percentage of revenues which was used to pay interest 


expense in 1970 (57) was 5.7%. Thus BIE,(1972)/P,(1972) is 0.057. 


PROFIT REQUIRED BY THE RAILROAD INDUSTRY: 
ESTIMATION OF PROF, (1972)/P5(1972) 


Net income before tax was responsible for 1.4% of the 1970 


revenues (57). Consequently, PROF>(1972)/P2(1972) 1520,014% 


LABOUR EXPENSE OF THE RAILROAD INDUSTRY: 
ESTIMATION OF comp 57 3 (1972) 


Labour expense accounted for 50.3% of revenues in 1970 
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(57, 59). Therefore, COMP yy 7(1972) ts, 0.503. 
ESTIMATION OF THE 1972 INPUT VECTOR OF THE RAILROAD INDUSTRY 


The following table shows the fraction of the railroad 
industry's 1972 revenues which were used to pay for its various in- 


puts. 
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TABLE D-12 


1972 INPUT VECTOR OF THE RAILROAD INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


FRACTION OF THE 1972 REVENUES 
OF THE RAILROAD INDUSTRY 
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TABLE D-12 (continued) 


1972 INPUT VECTOR OF THE RAILROAD INDUSTRY 


INPUT 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 

profit 

wellhead crude oi] 
wellhead natural gas 
labour 


other expense 


FRACTION OF THE 1972 REVENUES 
OF THE RAILROAD INDUSTRY 
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8. TRUCKING INDUSTRY 


In this section all of the data was obtained from DBS 
catalogues (60, 61). Figures for carriers with annual operating 
revenues greater than $500,000 were obtained in Reference 60. 
Corresponding figures for carriers with annual revenues between 
$20,000 and $99,999 were taken from Reference 61. Combining the 
data obtained from these sources it was possible to calculate de- 
sired ratios for all carriers in Alberta with revenues in excess 
of $20,000. Sufficient data was not available for carriers with 
revenues less than $20,000. In 1969, firms with revenues greater 
than $20,000 were responsible for about 98% of the revenues ob- 
tained by the trucking industry (60, 61). Thus it is reasonable 
to assume that the ratios calculated for these firms will be valid 
for the whole of the trucking industry. 

The term comp «,(t) is the estimated fraction of the 
_Alberta truck industry's revenues in year t which must be paid to 


industry j for the use of its product or service. 


TRUCKING EXPENSE OF THE TRUCKING INDUSTRY: 
ESTIMATION OF compy, (1972) 


Trucking expense is the cost incurred by trucking com- 


panies in using the services of other trucking firms. The value 
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of COMPg9 (1972) is the average of the corresponding values in 1968 
and 1969 as obtained from References 60 and 61. This is 0.286. 


REFINERY PRODUCT EXPENSE OF THE TRUCKING INDUSTRY: 
ESTIMATION OF COMPog 9 (1972) 


For each dollar of revenue obtained in 1969 the trucking 
industry consumed 0.052 gallons of gasoline and 0.152 gallons of 
diesel oil (60, 61). Oil refineries received 13.3¢/gallon of gaso- 
line and 11.3¢/gallon of diesel oil (Table D-1). Consequently, 
compo, g(1972) =a0,0529x% 0.133 t20.052 x 0mils.=) 0.0247 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE TRUCKING INDUSTRY 


The following table shows the fractions of the trucking 
industry's 1972 revenues which were used to pay for various inputs. 
The nonzero values which have not already been explained were taken 


from 1969 DBS catalogues (60, 61). 
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1972 INPUT VECTOR OF THE TRUCKING INDUSTRY 


INPUT 


chemical products 
crop products 
livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 
Pacific water 
urban transit 

taxi 


aviation 


industrial construction 


residential construction 


architectural metals 
cement 


forestry 


TABLE D-13 


FRACTION OF THE TRUCKING 
INDUSTRY'S 1972 REVENUES 
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TABLE D-13 (continued) 


1972 INPUT VECTOR OF THE TRUCKING INDUSTRY 


INPUT FRACTION OF THE TRUCKING 
INDUSTRY'S 1972 REVENUES 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 
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9. THE INLAND WATER TRANSPORT INDUSTRY 


The inland water transport industry is composed of all 
those carriers whose principle region of operation is the "inland 
waters" as defined by the Canadian Shipping Act. There is essen- 
tially no transfer of materials within Alberta by means of water 
transport. The inland water transport industy is included in the 
analysis because part of the costs of the iron mining industry are 
due to transportation of materials to the mine by inland water 
transport. All of the data used in this section was obtained from 
a DBS catalogue (62). Unless stated otherwise the figures used 
will have been obtained from 1970 data and they apply to all pub- 


lic carriers which operate in the inland region of Canada. 


LIVESTOCK PRODUCT EXPENSE OF THE INLAND WATER TRANSPORT INDUSTRY: 
ESTIMATION OF COMP 4 g (1972) 


Passenger food accounted for 1.3% of revenues. In the 
section on the labour industry it can be seen that for each $50.5 
paid by the labour industry for livestock products $16 was spent 


on “other farm" products. Consequently, 1262%7 5057 e= eles Tete 


66.5 
revenues of the inland water transport industry were used to pay 


for livestock products. Similarly, 0.3% of revenues were spent on 


"other farm" products. Farmers received 54.4% of the retail price 
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of livestock products (section on labour industry). Therefore, 


comp. g (1972) +830. 0108 05544 507005: 


"OTHER FARM" PRODUCT EXPENSE OF THE INLAND WATER TRANSPORT INDUSTRY: 
ESTIMATION OF COMP 4 g (1972) 


“Other farm"products accounted for 0.3% of revenues. 
Farmers obtained 25.4% of this amount (section on labour industry). 


Consequently, COMP g (1972) is 0.003 x 0.254 = 0.001. 


REFINERY PRODUCT EXPENSE OF THE INLAND WATER TRANSPORT INDUSTRY: 
ESTIMATION OF COMP og g(1972) 


For each dollar of revenue obtained, the inland water 
transport industry consumed 0.557 gallons of fuel oil, 0.201 gallons 
of diesel 011, 0.003 gallons of lubricating oi] and 0.001 gallons of 
gasoline. The oil refineries received 8.4¢/gallon for lubricating 
oil and 11.3¢/gallon for diesel oil, 50.8¢/gallon for lubricating 
oi] and 13.3¢/gallon for gasoline (Table D-1). Therefore, COMP 4g 9g 
IS eerie) 55 /a 064+ oO O0ts X00. boats 0.008 Pxe02 000 eta. 00 tex 
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INTEREST EXPENSE OF THE INLAND WATER TRANSPORT INDUSTRY: 
ESTIMATION OF BIE(1972)/P,(1972) 


For carriers with revenues greater than $50,000 interest 
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expense accounted for 3.5% of revenues. Consequently, BIEg(1972)/ 


Pg (1972) TSO: O25" 


PROFIT REQUIRED BY THE INLAND WATER TRANSPORT INDUSTRY: 
ESTIMATION OF PROF 4(1972)/P.9(1972) 


Net income before taxes was 10.5% of revenues. Therefore, 


PROF, (1972) /P.,(1972) Us Ose 


LABOUR EXPENSE OF THE INLAND WATER TRANSPORT INDUSTRY: 
ESTIMATION OF coMmPy7 (1972) 


Labour expense accounted for 31.8% of revenues. Con- 


sequently, COMP 55 g (1972) Toe hee 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE INLAND WATER 
TRANSPORT INDUSTRY 


The following table shows the fractions of the inland 
water transport industry's revenues which were used to pay for 


various inputs. 
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1972 INPUT VECTOR OF THE INLAND WATER TRANSPORT INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABLE D-14 


FRACTION OF THE 1972 REVENUES OF 
THE INLAND WATER TRANSPORT INDUSTRY 
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TABLE D-14 (continued) 


1972 INPUT VECTOR OF THE INLAND WATER TRANSPORT INDUSTRY 


INPUT FRACTION OF THE 1972 REVENUES OF 
THE INLAND WATER TRANSPORT INDUSTRY 


wood 0 
iron mines 0 
iron and steel mills 0 
steel pipe and tube mills 0 
electricity 0 
refinery products 0.071 
oil pipeline 0 
natural gas 0 
bond interest 0.035 
profit 0.105 
wellhead crude oi] 0 
wellhead natural gas 0 
labour Uosiks 


other expense 0.465 
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10. PACIFIC WATER TRANSPORT INDUSTRY 


The Pacific water transport industry consists of those 
carriers whose principle region of operation is the waters adjacent 
to the Pacific coast. This industry is included in the analysis 
because part of the cost of raw materials to fertilizer plants in 
Alberta is due to the expense involved in transporting them through 
the Pacific waters. 

Using the same source of information (62) and the same 
procedure as for the inland water transport industry the following 


table was constructed for the Pacific water transport industry. 
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1972 INPUT VECTOR OF THE PACIFIC WATER TRANSPORT INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABLE D-15 


FRACTION OF THE 1972 REVENUES OF 
THE PACIFIC WATER TRANSPORT INDUSTRY 
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TABLE D-15 (continued) 


1972 INPUT VECTOR OF THE PACIFIC WATER TRANSPORT INDUSTRY 


INPUT 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 
profit 

wellhead crude oi] 
wellhead natural gas 
labour 


other expense 


FRACTIONS OR THE 1972 REVENUES@OE 
THE PACIFIC WATER TRANSPORT INDUSTRY 
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11. URBAN TRANSIT INDUSTRY 


All of the values used in this section were obtained from 


1970 Alberta data. This data was contained in a DBS catalogue (63). 


The term comp 517 (t) is the estimated fraction of the revenues obtained 


by the Alberta Urban Transit Industry in year t which is used to pay 


LOGI npUte ds 


REFINERY PRODUCT EXPENSE OF THE URBAN TRANSIT INDUSTRY: 
ESTIMATION OF COMPog 44 (1972) 


The Urban-Transit systems consumed 2,075,000 gallons of 
diesel oi], 223,000 gallons of gasoline, and 179,000 gallons of 
LPG's. The oil refineries received 11.3¢/gallon for diesel oil, 
13.3¢/gallon for gasoline and 7.14¢/gallon for LPG (Table D-1). 

It is easily calculated from these figures that the Urban-Transit 
system paid $276,915 to the oil refineries. The total operating 
revenues of the Urban-Transit systems were $13,638,000. Therefore, 


COMP 54 1161972) 1327059 13/145050,0008—20-0205 
ESTIMATION OF THE 1972 INPUT VECTOR OF THE URBAN TRANSIT INDUSTRY 


All the other nonzero comp ; 44 (1972) values were obtained 
directly from data in the 1970 DBS catalogue on the urban transit 


industry (63). The following table shows the fractions of the urban 
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transit industry's 1972 revenues which were used to pay for its 


various inputs. 
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TABLE D-16 


1972 INPUT VECTOR OF THE URBAN TRANSIT INDUSTRY 


EOI ee  PUSNSTT seston eetbeeresn tore 


INPUT FRACTION OF THE URBAN TRANSIT 
INDUSTRY'S 1972 REVENUES 


chemical products 0 
crop products 0 
livestock products 0 
other farm products 0 
fertilizer 
feed 
railroad 
trucking 


inland water 


oe &> & SS © 


Pacific water 


[e>) 


urban transit 


taxi 


SS 


aviation 

industrial construction 
residential construction 
architectural metals 


cement 
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forestry 
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TABLE D-16 (continued) 


2)1 


1972 INPUT VECTOR OF THE URBAN TRANSIT INDUSTRY 


INPUT 


wood 

iron mines 

iron and steel mills 
Steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 

profit 

wellhead crude oi] 
wellhead natural gas 
labour 


other expense 


FRACTION OF THE URBAN TRANSIT 
INDUSTRY S21972 REVENUES 
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12. TAXI INDUSTRY 


REFINERY PRODUCT EXPENSE OF THE TAXI INDUSTRY: 
ESTIMATION OF COMPog y2(1972) 


"Other costs" for this industry are all expenses ex- 
cept labour, rent, interest, depreciation, and the required profit. 
"Other costs" were responsible for 37.8% of revenues obtained by 
the Canadian taxi industry in 1968 (46). About 30% of these ex- 
penses are due to fuel costs (City Cabs). Thus the taxi industry 
spent 11.3% of its revenues on fuel. It should be noted that this 
figure is very approximate as there is no data available to obtain 
a more accurate estimate. Taxi firms pay about 40¢/gallon for gaso- 
line (Yellow Cabs). Refineries receive 13.3¢/gallon for gasoline. 


Therefore, the oi] refineries receive 13-3 . 11 37 = 3.9% of the 
40 
taxi industry's revenues. Thus comps, 12(1972) 1520:.038. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE TAXI INDUSTRY 


All the other nonzero comp ; (1972) values were calculated 
directly from Canadian data obtained in a 1968 DBS catalogue (46). 
The following table shows the fractions of the taxi industry's 1972 


revenues which were used to pay for its various inputs. 
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1972 INPUT VECTOR OF THE TAXI INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABLE D-17 


FRACTION OF THE TAXI INDUSTRY'S 


1972 REVENUES 
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TABLE D-17 (continued) 


1972 INPUT VECTOR OF THE TAXI INDUSTRY 


INPUT 


oe 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 

profit 

_wellhead crude oi] 
wellhead natural gas 
labour 


other expense 


FRACTION OF THE TAXI INDUSTRY'S 


1972 REVENUES 
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13. AVIATION INDUSTRY 


The data in this section apply to all services (sche- 
duled and unscheduled) of Canadian civil airlines in 1971, and was 


taken from a DBS catalogue (64) unless otherwise stated. 


LIVESTOCK PRODUCT EXPENSE OF THE AVIATION INDUSTRY: 
ESTIMATION OF comp. 1361972) 


Passenger food was responsible for 3.4% of the operating 
expenses of scheduled services. Operating expenses accounted for 
93.6% of the revenues of all services. Consequently, the percentage 
of revenues attributable to food expense was 3.4 x 0.936% = 3.2%. 
All of this food expense was due to the use of livestock and "other 
farm" products. In the section on the labour industry, it can be 
seen that, for each $50.5 paid by the labour industry for livestock 
products, $16 was spent on "other farm" products. Therefore, it is 


assumed that 50.5% . » gy Of the aviation industry's re- 


66.5 
venues were used to pay for livestock product costs. Similarly, 


Dac 


0.8% of its revenues were consumed in paying for “other farm" pro- 
ducts. Farmers receive 54.4% of the retail price of livestock pro- 
ducts (section on the labour industry). Thus, comp 43(1972) is 
0.024 x 0.544 = 0.013. 
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“OTHER FARM" PRODUCT EXPENSE OF THE AVIATION INDUSTRY: 
ESTIMATION OF COMP q 1361972) 


"Other farm" products accounted for 0.8% of the aviation 
industry's revenues. Farmers received 25.4% of this amount (section 
on the labour industry). Therefore, comp, 43(1972) is 0.008 x 
0.254 = 0.002. 


ELEGIRICL TY (EXPENSE OF THE AVIATION, INDUSTRY: 
ESTIMATION OF comp. 1361972) 


Utility expense accounted for 0.36% of the operating ex- 
penses of scheduled services. Consequently, the percentage of re- 
venues allocated to pay for utilities was 0.36 x 0.936% = 0.33%. 

The utility expense for the aviation industry is due to the utilities 
used by the airline company offices. The Federal Government pays 
ChEsULHULLVecCOStS Omatnend i rDOlcs... ElOCtTrICiLY COSCtS, account. 10% 
about 90% of the costs of an apartment building (Cambridge Building). 
Therefore, compo; 13(1972) 432020033) x20. 9: =310 003 


REFINERY PRODUCT EXPENSE OF THE AVIATION INDUSTRY: 
ESTIMATION OF COMPog 71 3(1972) 


The aviation industry consumed 0.563 gallons of turbo 
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fuel and 0.021 gallons of gasoline per dollar of revenue received. 
The oi] refineries received 11.5¢/gallon for turbo fuel and 19.3¢/ 
gallon for aviation gasoline (Table D-1). Therefore, as a result 
of using these two commodities, the aviation industry paid 

0.563 x 0.115 + 0.021 x 0.193 = $0.069 for each dollar of its re- 
venues to the oil refineries. 

The oi] refineries also received money from the sale of 
oil to the aviation industry. This industry consumed 011 worth 
$0.0014 for each dollar of revenue obtained. If the oil refineries 
received 50% of this money then the aviation industry contributed 
$0.001, per dollar of revenue obtained, to tne oil] refineries as a 
result of its oil consumption. The two sources of income to the 
oil refineries from the aviation industry are combined to give 


compo, 13(1972) = 0.069 + 0.00] = 0.070. 


INTEREST EXPENSE OF THE AVIATION INDUSTRY: 


ESTIMATION OF BIE, 1972)/P) (1972) 


34 
Interest expense accounted for 5.5% of revenues. Therefore, 
BIE, (1972)/P,,(1972) VWS02005. 


PROFIT REQUIRED BY THE AVIATION INDUSTRY: 
ESTIMATION OF PROF, ,(1972)/P,,(1972) 


Net income before tax per unit revenue was $0.023. Con- 


sequently, PROF, (1972) /P13(1972) TseUs0co- 
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LABOUR EXPENSE OF THE AVIATION INDUSTRY: 
ESTIMATION OF compy7 1 3(1972) 


Labour expense was responsible for 34.1% of revenues. 


Thus, comPo7 43(1972) 1s sod. 
ESTIMATION OF THE 1972 INPUT VECTOR OF THE AVIATION INDUSTRY 


The following table shows the fractions of the aviation 
industry's 1972 revenues which were used to pay for its various 


inputs. 
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TABLE D-18 


1972 INPUT VECTOR OF THE AVIATION INDUSTRY 


INPUT FRACTION OF AVIATION INDUSTRY'S 
1972 REVENUES 


chemical products 0 
crop products On 0s 
livestock products .002 


0 
other farm products 0 
0 


fertilizer 


oO 


feed 

railroad 
trucking 
inland water 
Pacific water 


urban transit 


Si SF SS] aS => 


taxi 
aviation 

*industrial construction 
residential construction 
architectural metals 


cement 


SS ES oS fS SS &S 


forestry 


* 
Industrial construction expense is zero because the airports 
are taken care of by the Federal Government. 
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TABLE D-18 (continued) 


1972 INPUT VECTOR OF THE AVIATION INDUSTRY 


INPUT FRACTION OF AVIATION INDUSTRY'S 
1972 REVENUES 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
.003 


electricity 


refinery products .070 


eS S&S SES S| oS S&S = 


oi] pipeline 
natural gas 
bond interest 2055 
profit 2023 


wellhead crude oi] 
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other expense -493 
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14. INDUSTRIAL CONSTRUCTION INDUSTRY 


Most of the data in this section was taken from the 1962 
Alberta Input-Output Table (44). Other sources of information were 
the 1961 Canadian Input-Output Table (15) and a DBS catalogue on 


the construction industry (65). 


ARCHITECTURAL METAL EXPENSE OF THE INDUSTRIAL CONSTRUCTION INDUSTRY: 
ESTIMATION OF COMP ¢ 14 (1972) 


The percentage of the Canadian construction (industrial 
and residential) industry's expenditure on materials in 1961, which 
was due to its purchase of architectural metals(15), was 3.4%. In 
1971, this industry used 41.2% of its revenues to pay for the ma- 
terials which it used (65). Therefore, comps ¢ 441972) is 
0.412 x 0.034 = 0.014. 


- INTEREST EXPENSE OF THE INDUSTRIAL CONSTRUCTION INDUSTRY: 


ESTIMATION OF BIE 1972)/P,, (1972) 


14 


For the Canadian construction industry (industrial and 
residential) in 1968, interest payments accounted for 1.2% of re- 


venues (46). Consequently, BIE, ,(1972)/P,, (1972) iseueOl2s 
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PROFIT REQUIRED BY THE INDUSTRIAL CONSTRUCTION INDUSTRY: 
ESTIMATION OF PROF, 4 (1972)/P, 4 (1972) 


Profits per unit revenue in 1968 were $0.037 for the 
Canadian construction (industrial and residential) industry (46). 


Therefore, PROF, 4 (1972)/P, , (1972) vs) 0503/. 


LABOUR EXPENSE OF THE INDUSTRIAL CONSTRUCTION INDUSTRY: 
ESTIMATION OF COMP 57 14 (1972) 


Labour expense accounted for 34.4% of the revenues of 
the Canadian construction (industrial and residential) industry 


in 1971 (65). Thus, COMP 45 14 (1972) 1500. 344. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE INDUSTRIAL CONSTRUCTION 
INDUSTRY 


The values of inputs corresponding to the use of cement, 
iron and steel mill products, steel pipe and tube mill products, 
and refinery products (excluding fuel oil) were evaluated in the 


same way as the input value for architectural metal products. 


All the other nonzero inputs to the industrial construction 


industry were taken from the 1962 Alberta Input-Output Table (44). 
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The following table shows the fractions of the industrial construction 


industry's 1972 revenues which were used to pay for its various inputs. 
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1972 INPUT VECTOR OF THE INDUSTRIAL CONSTRUCTION INDUSTRY 


INPUT 


chemical products 
crop products 
livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 
Pacific water 
urban transit 

taxi 


aviation 


industrial construction 


residential construction 


architectural metals 
cement 


forestry 


TABLE D-19 


FRACTION OF THE INDUSTRIAL 
CONSTRUCTION INDUSTRY'S 1972 


REVENUES 
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TABLE D-19 (continued) 


1972 INPUT VECTOR OF THE INDUSTRIAL CONSTRUCTION INDUSTRY 


INPUT FRACTION OF THE INDUSTRIAL 
_ CONSTRUCTION INDUSTRY'S 1972 


REVENUES 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 

DOr It 

wellhead crude oi] 
wellhead natural gas 
labour 


other expense 
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15. RESIDENTIAL CONSTRUCTION INDUSTRY 


Using the same sources of information (15, 44, 65) and 


the same procedure, as for the industrial construction industry, the 


following table was constructed for the residential construction 


industry. 
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TABLE D-20 


1972 INPUT VECTOR OF THE RESIDENTIAL CONSTRUCTION INDUSTRY 


EN 


INPUT FRACTION OF THE RESIDENTIAL 
CONSTRUCTION INDUSTRY'S 1972 
REVENUES 


chemical products 0.009 
crop products 0 
livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking .024 
inland water 
Pacific water 
“urban transit 


taxi 


aviation 
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industrial construction 


residential construction 


architectural metals .014 


cement .007 
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forestry 
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TABLE D-20 (continued) 


1972 INPUT VECTOR OF THE RESIDENTIAL CONSTRUCTION INDUSTRY 


INPUT 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 
refinery products 
oil pipeline 

natural gas 

bond interest 
profit 

wellhead crude oi] 
wellhead natural gas 
labour 


other expense 


FRACTION OF THE RESIDENTIAL 
CONSTRUCTION INDUSTRY'S 1972 


REVENUES 
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16. ARCHITECTURAL METALS INDUSTRY 


The data in this section was taken from DBS catalogues 


and from the 1961 Input-Output Table. 


RAILROAD EXPENSE OF THE ARCHITECTURAL METALS INDUSTRY: 
ESTIMATION OF comps 1661972) 


Transportation expense accounted for 4.6% of the re- 
venues obtained by Alberta fabricating metal industries 1962 (44). 
Transportation expense would account for a similar percentage of 
the revenues of the architectural metal industry. Approximately 
75% of transportation costs are due to the use of railroads. The 
remainder is due to trucking charges (Dominion Bridge). Therefore, 


comp 7 1661972) 15.0.5 0465xX20,408— 02039: 


TRUCKING EXPENSE OF THE ARCHITECTURAL METALS INDUSTRY: 
~ ESTIMATION OF cOMPg 1¢(1972) 


The percentage of transportation expense which is at- 
tributable to trucking charges is 25%. Consequently, comps 161972) 
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ELECTRICITY EXPENSE OF THE ARCHITECTURAL METALS INDUSTRY: 
ESTIMATION OF COMPs. 161972) 


In 1969 the Alberta architectural metals industry used 
0.7% of its revenues to pay for fuel and electricity costs (32). 
In the same year, 41.3% of the Canadian architectural metals in- 
dustry's fuel and electricity expense was attributable to elec- 
tricity costs (32). Therefore, COMP ys 16(1972) 15802007 -x 0:413 = 
0.003. 


REFINERY PRODUCT EXPENSE OF THE ARCHITECTURAL METALS INDUSTRY: 
ESTIMATION OF COMP ng 16 (1972) 


For each dollar of its 1969 fuel and electricity ex- 
pense the Canadian architectural metals industry used 0.53 gallons 
of gasoline and 0.51 gallons of fuel oil (32). If 14% of this fuel 
oi] was diesel oi] then the quantity of diesel fuel consumed was 
0.14 x 0.51 = 0.07 gallons. Oi] refineries received 13.3¢/gallon 
for gasoline and 11.3¢/gallon for diesel oi] (Table D-1). There- 
TOLe UO ess xe0s ico + .0.0/ x0.113/= 0.078 dollars, of each dollar 
Spent by architectural metal producers on fuel and electricity is 
obtained by oil refineries. Consequently, as fuel and electricity 
expense accounts for 0.7% of revenues, COMPog 16 (1972) WSa0.07G2% 


0.007 = 0.001. 
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NATURAL GAS EXPENSE OF THE ARCHITECTURAL METALS INDUSTRY: 
ESTIMATION OF COMP og 16 (1972) 


Natural gas expense accounted for 22.7% of the fuel and 


electricity costs of the Canadian architectural metals industry in 


1969 (32). Therefore, COMP og 1661972) is 0.227 x 0.007 = 0.002. 


INTEREST EXPENSE OF THE ARCHITECTURAL METALS INDUSTRY: 


ESTIMATION OF BIE 1972)/P,.(1972) 


16! 


For Canadian architectural metal producers in 1968, 
interest payments accounted for 1.1% of revenues (46). Thus BIE 


(1972)/P,.(1972) is 0.011. 


PROFITS REQUIRED BY THE ARCHITECTURAL METALS INDUSTRY: 
ESTIMATION OF PROF, ¢(1972)/P1¢ (1972) 


Profits per unit revenue in 1968 were $0.038 for 
Canadian architectural metal producers (46). Therefore, PROF 16 


(1972)/P,.(1972) is 0.038. 


LABOUR EXPENSE OF THE ARCHITECTURAL METALS INDUSTRY: 


ESTIMATION OF COMP 57 1661972) 


Labour expense accounted for 28.1% of the revenues 


earned by Alberta architectural metal manufacturers in 1969 (32). 
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Consequently, COMP 54 1661972) is Oees |. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE ARCHITECTURAL 
METALS INDUSTRY 


The values of all the other nonzero inputs to this in- 
dustry were obtained by combining 1961 Canadian data and 1969 
Alberta data. The following table was obtained from the 196] 


Canadian Input-Output Table. 


TABLE D-2] 


SOME COMPONENTS OF THE INDUSTRY'S MATERIAL COSTS 


INPUT FRACTION OF COST OF TOTAL 
MATERIAL INPUTS TO THE 
ARCHITECTURAL METALS IN- 


DUSTRY 
chemical products 0.0049 
architectural metals 0.0049 
wood 0.0213 
iron and steel mill products 0.2995 
steel pipe and tube mills 0.0033 


Material inputs accounted for 50.7% of the Alberta archi- 
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tectural metals industry in 1969 (32). Therefore, using the above 
table it can be seen that 0.49 x 0.507% = 0.2% of revenues were 
used to pay the chemical product expense. The percentages of re- 
venues which were used to pay for the other products in Table D-21 


are calculated in a similar fashion. 


The following table shows the fractions of the archi- 
tectural metals industry's 1972 revenues which were used to pay 


for its various inputs. 
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1972 INPUT VECTOR OF THE ARCHITECTURAL METALS INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABEERD=22 


FRACTION OF THE REVENUES OBTAINED 
BY THE ARCHITECTURAL METALS 


INDUSTRY IN 1972 
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TABLE D-22 (continued) 


1972 INPUT VECTOR OF THE ARCHITECTURAL METALS INDUSTRY 


INPUT 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 

refinery products 
011 pipeline 

natural gas 

bond interest 
profit 

wellhead crude oil 
wellhead natural gas 
labour 


other expense 


FRACTION OF THE REVENUES OBTAINED 
BY THE ARCHITECTURAL METALS 


INDUSTRY IN 1972 
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17. CEMENT INDUSTRY 


The Dominion Bureau of Statistics did not publish fi- 
gures for the Alberta cement manufacturing industry. This was 
because there were only two major cement manufacturers in Alberta. 
Unless stated otherwise, all of the information used in this section 


were aprroximations obtained from Inland Cement Ltd. 


RAILROAD EXPENSE OF THE CEMENT INDUSTRY: 
ESTIMATION OF comp, 1761972) 


About 14% of the revenues of Inland Cement Ltd. are used 
to pay for the transportation (by rail) of limestone to the plant. 
Canada Cement Lafarge have their quarry beside the plant. Inland 
Cement and Canada Cement Lafarge produce approximately equal amounts 


of cement in Alberta. Consequently, comp, 17 (1972 1s, 0.070% 


- FORESTRY EXPENSE OF THE CEMENT INDUSTRY: 
ESTIMATION OF COMP 2 1761972) 


The percentage of the Canadian cement industry's revenues 
in 1961 which were attributable to the usage of forestry products 
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ELECTRICITY EXPENSE OF THE CEMENT INDUSTRY: 
ESTIMATION OF coMmPo3 47 (1972) 


The value of COMP». 1761972) TSmOROA 


REFINERY PRODUCT EXPENSE OF THE CEMENT INDUSTRY: 
ESTIMATION OF COMP 4 17 (1972) 


Refinery product expense accounts for 0.8% of revenues. 
The cement producing plants probably pay about 40¢/gallon for re- 
finery products. Of this, the refinery would receive about 13¢/ 
gallon. Therefore, COMP yg 7 7(1972) is 0.008 x die) a 0.003. 
40 
NATURAL GAS EXPENSE OF THE CEMENT INDUSTRY: 
ESTIMATION OF compo, 47(1972) 


The value of COMP 56 17 (1972) is 0.040. 


INTEREST EXPENSE OF THE CEMENT INDUSTRY: 
ESTIMATION OF BIE, 7(1972)P,5(1972) 


For Canadian cement manufacturers in 1968, interest pay- 
ments accounted for 6% of revenues (46). Consequently, BIE,7(1972)/ 
P47(1972) is 0.060. 
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PROFITS REQUIRED BY THE CEMENT INDUSTRY: 
ESTIMATION OF PROF, 7(1972)/P,5(1972) 


Profits per unit revenue in 1968 were $0.099 for Canadian 
cement manufacturers (46). Therefore, PROF, 7(1972)/P,5(1972) is 
0.099. 


LABOUR EXPENSE OF THE CEMENT INDUSTRY: 
ESTIMATION OF comPo7 47(1972) 


Labour expense was responsible for 10% of the revenues 


obtained by the cement industry. Thus, COMP.» 1761972) 1s .0.100. 
ESTIMATION OF THE 1972 INPUT VECTOR OF THE CEMENT INDUSTRY 


The following table shows the fractions of the cement 
industry's 1972 revenues which were used to pay for its various 


_ inputs. 
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1972 INPUT VECTOR OF THE CEMENT INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABLE D-23 


FRACTION OF THE CEMENT INDUSTRY'S 


1972 REVENUES 
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TABLE D-23 (continued) 


1972 INPUT VECTOR OF THE CEMENT INDUSTRY 


INPUT FRACTION OF THE CEMENT INDUSTRY'S 
1972 REVENUES 


wood 

iron mines 0 
iron and steel mills 0 
steel pipe and tube mills 0 
electricity 0.021 
refinery products 0.003 
011 pipeline 0 
natural gas 0.040 
bond interest 0.060 
profit 0.099 
wellhead crude oil 0 
wellhead natural gas 0 
labour 0.100 
other expense 0.606 
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18. FORESTRY INDUSTRY 


Unless stated otherwise all of the data in this section 


was taken from the 1962 Alberta Input-Output Table (44). 


ELECTRICITY EXPENSE OF THE FORESTRY INDUSTRY: 
ESTIMATION OF COMP 52 161972) 


The forestry industry used 0.16% of its revenues to pay 
for electricity and water. A large percentage of electricity and 
water expense would be due to electricity costs. Therefore, a 


reasonable estimate for COMP. 4 1961972) 1s80,. 001% 


REFINERY PRODUCT EXPENSE OF THE FORESTRY INDUSTRY: 
ESTIMATION OF COMP oy 7(1972) 


For each dollar worth of fuel and electricity consumed in 
_ 1969, the Canadian forestry industry used 0.96 gallons of gasoline 
and 1.85 gallons of fuel oil (66). Oil refineries received 13.3¢/ 
gallon for gasoline and 8.4¢/gallon for diesel oi] (Table D-1). 
Therefore 0.96 x 0.133 + 1.85 x 0.084 = $0.283 of each dollar spent 
by the forestry industry on fuel and electricity is received by 

oil refineries. In Alberta, fuel and electricity costs accounted 
for 3.2% of the 1969 forestry revenues (66). Therefore, cOMPoa 1g 
CLS /2)e1se02783)%.0,.0322= 0.0092 


yereuanL YST23R04 IAT 30 32Ma9xT YTITATS 


a 


(StCE pr gto 70 Wor nat ‘ - 


gna GF aoudeVar att to ral. 0 baru videubat cian 
hog VgiSbyesate to aeetrso1sq ep1sl A -739tM bna yitotytaaio/ 208 


a ,wieleiedd ».22209 yiotatosia oF eub od bi vow sennin®- 388M 
,F00.0-ef (Ste! lee. pg qo? #07 stomiizs ate 


-yeteugny yereaaey WT 30 Benes TIVOOAT rN 


(St) gy. age 30 noc TSE 


wi bomanbs ytiptatosTe bas lout Yo divow waffob Hogs 4071 
gattozaa ta anollap 2.0 ber yitevbat yytaeto? dstbens) srt 

(E71 bevteowy aahret! t+ rio .{a3) fio Teut to snot tig #8, fbn ae 

[fa aida) fio: feesth to nol Tep\op.8 bas ant ignsg n6¥ nolte e 


ihe "| 


Sunge wlio doe Yo £88.08 = « po0.0 x ab.f + BEI a @ = orate 


as 


7 ya bavPaget. ct tatrtzefe bna Sovt no ystaubar laabil d | 
bariucooe dd20d ydtortosie bne Tout ooiad th at 


* a 


24) 


INTEREST EXPENSE OF THE FORESTRY INDUSTRY: 
ESTIMATION OF BIE, 9(1972)/P,,(1972) 


Interest payments accounted for 1.9% of the Canadian 


forestry industry's 1968 revenues (46). Thus BIE 1972)/P, (1972) 


181 
1S 902019. 


PROFITS REQUIRED BY THE FORESTRY INDUSTRY: 
ESTIMATION OF PROF 1 .(1972)/P, (1972) 


The Canadian forestry industry in 1968 obtained profits 
of $0.086 per unit revenue (46). Therefore, PROF) 9(1972)/P, (1972) 
is 0.086. 


LABOUR EXPENSE OF THE FORESTRY INDUSTRY: 
ESTIMATION OF compy7 49(1972) 


Labour expense accounted for 28.8% of the Alberta 
forestry industry's revenues in 1969 (66). Consequently, COMP 57 19 
(L972 eise0. coo. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE FORESTRY INDUSTRY 


The values of all the other nonzero inputs to the forestry 
industry were taken from the 1962 Alberta Input-Output Table (44). 


The following table was then obtained. 
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TABLE D-24 


1972 INPUT VECTOR OF THE FORESTRY INDUSTRY 


INPUT FRACTION OF THE FORESTRY 
INDUSTRY'S 1972 REVENUES 


chemical products 
crop products 
livestock products 
other farm products 
fertilizer 

feed 

railroad .027 
trucking va he! 


inland water 


Pacific water 


ey @p (eh fe @) 2 eS] Sy eke & 


urban transit 
taxi 

aviation 

*industrial construction £015 
residential construction 


architectural metals 


cement 


eS | S&S | 3s) 2 1s 


forestry 


* . . . 
The input from the industrial construction industry jis a 
result of repair construction required. 
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TABLE D-24 
1972 INPUT VECTOR OF THE FORESTRY INDUSTRY 

INPUT FRACTION OF THE FORESTRY 
ee. INDUSTRY'S 1972 REVENUES 

wood 0.001 

iron mines 0 

iron and steel mills 0 

steel pipe and tube mills 0 

electricity 0.001 

refinery products 0.009 

oil pipeline 0 

natural gas 0 

bond interest 0.019 

profit 0.086 

wellhead crude oi] 0 

wellhead natural gas 0 

labour 0.288 

other expense 0.435 
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19. WOOD PRODUCT INDUSTRY 


This industry is the sum of the following four industries: 
1. sawmills and planing mills, 

2. veneer and plywood mills, 

3. sash, door and other millwork plants, and 


4. miscellaneous wood using industries, 


TRON AND STEEL MILL PRODUCT EXPENSE OF THE WOOD PRODUCT INDUSTRY: 
ESTIMATION OF cOMPy] 1g(1972) 


The percentage of the Canadian wood product industry's 
1961 revenues which was used to pay for the produce obtained from 


iron and steel mills (15) was 0.1%. Thus COMP 54 1861972) 180.001. 


~ ELECTRICITY EXPENSE OF THE WOOD PRODUCT INDUSTRY: 
ESTIMATION OF CoMmPo3 13(1972) 


The percentage of the revenues received by the Alberta 
wood product industry in 1970 which were consumed in the payment 
of fuel and electricity expense (67 - 70) was 2.0%. In the same 
year, 52.1% of the Canadian wood product industry's fuel and 
electricity expense was attributable to electricity costs (67 - 70). 


Therefore, COMP 53 1361972) 150.020 2x 05021 "=.0.010- 


| ee 
| sini 
eC 7 73; 
pon ea) “gat m boowc'q bins ene" = 
hina j2anat@ row! [Pm vorizo bre vo0b- «ese oe 
astrseubat aatev boow 2uoansifoogim «PB - 


im 
te 9 


— 


erred: Toudise GOw TAT 70 32N29KI TIUMOAS: JIM I3ITE 
ao 


y aes tmiberwy, fagw asthonsS oat To opaineteq aT 
mand ‘hentedde gavtierd. al? VOT yeq OF bozu zew tote 
.t00.0. 2) (SIRs re suit 31.0 24w (20) ett tw tants 


sve'rgyany ToUGORT A004 BHT 40 .32nasxg 


set ene 


soedth si) yl bevieaey anunevar ata Yo apsttaoed af" 

Seaamapag oat nt vendintag evow dotdw OTOL at yasaubat J2uber 

shat oft al 20.5 aw (OT = 12) seneqxe etotrzsts’ 

i  uniece e 

or pe ee 

| 000.0 = F980. x 080-0 at (S0UNy 


REFINERY PRODUCT EXPENSE OF THE WOOD PRODUCT INDUSTRY: 
ESTIMATION OF COMPoy 7g(1972) 


For each dollar spent on fuel and electricity in 1970, 
the Canadian wood product industry used 0.52 gallons of gasoline 
and 0.94 gallons of fuel oil (67 - 70). If 14% of this fuel oi] 
was diesel oi] then the quantity of diesel oi1 consumed was 
Onl dex, 0. 940=" 0713. galions., O11 refineries received 13.3¢/gallon 
for gasoline and 11.3¢/gallon for diesel oi] (Table D-1). Therefore, 
O2exe0.. 1335 40.13- x00: 1 13.= 0084 dollars of eachadal Larespent 
by the wood product industry on fuel and electricity is obtained by 
oil refineries. Consequently, as fuel and electricity expense 
accounts for 2.0% of revenues, COMPog 7g(1972) is 0.084 x 0.002 
= 0.002. | 


NATURAL GAS EXPENSE OF THE WOOD PRODUCTS INDUSTRY: 
ESTIMATION OF COMP 56 1861972) 


Natural gas expense accounted for 6.8% of the fuel and 
electricity costs of the Canadian wood products industry in 1970 


(67 - 70). Therefore, COMP o¢ 191972) is 0.068 x 0.02 = 0.001. 
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INTEREST EXPENSE OF THE WOOD PRODUCT INDUSTRY: 
ESTIMATION OF BIE, 9(1972)/P1,(1972) 


Interest payments accounted for 2.0% of the revenues ob- 
tained by the Canadian wood product industry in 1968 (46). Thus, 
BIE, ,(1972)/P1,(1972) 1s 0.020" 


PROFITS REQUIRED BY THE WOOD PRODUCT INDUSTRY: 
ESTIMATION OF PROF) 9(1972)/P, 9(1972) 


Profits per unit revenue in 1968 were $0.071 for the 
Canadian wood product industry (46). Therefore, PROF, 9(1972)/Py 9 
C1972 )es 0-0/1. 


LABOUR EXPENSE OF THE WOOD PRODUCT INDUSTRY: 
ESTIMATION OF COMP 57 1861972) 


In 1969 the Alberta wood product industry used 24.9% of 
its revenues to pay wages and salaries (71). Consequently, 


COMP. 1861972) is 0.249. 
ESTIMATION OF THE 1972 INPUT VECTOR OF THE WOOD PRODUCT INDUSTRY 


The values of all the other nonzero inputs to the wood 
product industry were taken from the 1962 Alberta Input-Output 


Table (44). The following table was then obtained. 
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TABLE D=25 


1972 INPUT VECTOR OF THE WOOD PRODUCT INDUSTRY 


INPUT FRACTION OF THE WOOD PRODUCT 
INDUSTRY'S 1972 REVENUES 


chemical products 0.025 
crop products 0 
livestock products 0 
other farm products 0 
fertilizer 0 
feed 0 
railroad 0.059 
trucking 0.099 
inland water 0 
Pacific water 0 
urban transit 0 
taxi 0 
aviation 0 
*industrial construction 0.009 
residential construction 0 
architectural metals 0 


cement 0 


forestry 0.197 


“The input from the industrial construction industry is a 
result of the repair construction required. 
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TABLE D-25 (continued) 


1972 INPUT VECTOR OF THE WOOD PRODUCT INDUSTRY 


INPUT 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 

profit 

wellhead crude oi] 
wellhead natural gas 
labour 


other expense 


FRACTION OF THE WOOD PRODUCT 
INDUSTRY'S 1972 REVENUES 


0. 


0 


041 


0.001 
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20. IRON MINING INDUSTRY 


Although there is no iron ore produced in Alberta, it was 
decided to include iron mining in the analysis as its produce is 
used by iron and steel mills. Canadian figures are used for this 
industry and they were obtained from DBS catalogues, and from the 
1961 Canadian Input-Output Table. The main problem in this section 
is the estimation of the proportion of revenues which is due to 


the various transportation expenses. 


CHEMICAL PRODUCT EXPENSE OF THE IRON MINING INDUSTRY: 
ESTIMATION OF COMP, 99 (1972) 


In 1961, the iron mining industry used 0.1% of its 
revenues to pay for chemical products (15). Therefore COMP) 99 


(1972 jms 0.001). 
TRANSPORTATION EXPENSE OF THE IRON MINING INDUSTRY 


The percentage of the revenues of the iron mining in- 
dustry in 196lwhich was attributable to transportation expense (15) 
was 3.9%. The proportions of this expense which are due to the 
various forms of transportation will now be estimated. The 
following table was obtained from a booklet prepared by the 


Mining Association of Canada (72). 
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TABLE D-26 


PERCENTAGE OF CANADA'S IRON ORE PRODUCED BY DIFFERENT PROVINCES 


PROVINCE PERCENTAGE OF CANADA'S IRON 
ORE PRODUCED BY DIFFERENT 
PROVINCES 

Newfoundland a hot 4 

Ontario ANS ay 

Quebec 20.2% 

Beaute 3% 


The next table is very approximate and was based on the 


location of the major iron mines in the four provinces. 


TABLES D=27 
DISTRIBUTION OF PROVINCIAL IRON ORE 


PRODUCERS' TRANSPORTATION EXPENSES 


PERCENTAGES OF PROVINCE'S TRANSPORTATION EXPENSES 
WHICH ARE DUE TO THE FOLLOWING MODES OF TRANSPORTATION 


PROVINCE 
INLAND WATER PACIFIC WATER RAILROAD TRUCK 
TRANSPORT TRANSPORT 
Newfoundland 50% os 50% e 
Ontario “ 4 30% 70% 
Quebec 50% = 50% 7 
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The railroad expense of the Canadian iron mining in- 
dustry is the sum of this expense for the four iron ore producing 
provinces. Consequently, the fraction of the Canadian iron mining 
industry's transportation expense which is due to railroad expense 
Tomer oleX80 sore 205ex 0. Saree 0exm0 35 +90, 03 2x 0e se 064 34 ain 
1961 transportation and storage expenses accounted for 16.4% of 
the iron mining industry's raw material costs (15). Between 1967 
and 1970 the average percentage of this industry's revenues which 
was used to pay its raw material costs (73, 74, 37, 75) was 23.8%. 
Therefore, 0.164 x 0.238 x 100% = 3.9% of the revenues of the iron 
mining industry are due to transportation expense. Consequently, 
the railroad expense per unit revenue is $0.039 x 0.434 = $0.017. 
Thus cOMP7 59(1972) is 0.017. Similarly, values are obtained which 
Show the proportion of revenues which are due to the other modes of 


transportation. 


ELECTRICITY EXPENSE OF THE IRON MINING INDUSTRY: 
ESTIMATION OF COMP 43 99(1972) 


The average value of electricity expense per unit revenue 
for the years 1967 to 1970 (73, 74, 37, 75) was $0.033. Con- 


sequently, comps, 99 (1972) Ase. 0335 
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REFINERY PRODUCT EXPENSE OF THE IRON MINING INDUSTRY: 
ESTIMATION OF COMP 54 99(1972) 


In 1970 the iron mining industry used 0.003 gallons of 
gasoline, 0.221 gallons of fuel oil, and 0.006 gallons of LPG per 
unit revenue obtained (75). The oil refineries received 13.3¢/ 
gallon for gasoline, 8.4¢/gallon for fuel oil, and 7.1¢/gallon for 
LPGs (Table D-1). Therefore, COMP og 99 (1972) 1s 0,003) 021334 
Oe221 x 0.08 + 0-006 x 0.071 = 0.019. 


NATURAL GAS EXPENSE OF THE IRON MING INDUSTRY: 
ESTIMATION OF COMP 56 9961972) 


Natural gas expense accounted for 0.7% of revenues in 


19705(75). Thus COMP 5¢ 99 (1972) 1s 0,007. 


INTEREST EXPENSE OF THE IRON MINING INDUSTRY: 


~ ESTIMATION OF BIE.,.(1972) (1972) 


20 [Pog 


For the iron mining industry in 1968, interest payments 
accounted for 5.0% of revenues (46). Thus, BIE.9(1972)/Po, (1972) 
1Se0.05U. 
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PROFITS REQUIRED BY THE IRON MINING INDUSTRY: 
ESTIMATION OF PROF 5,(1972)/P59(1972) 


Profits per unit revenue in 1968 were $0.160 (46). Therefore, 


PROF 59(1972)/P.59(1972) TsmUe 602 


LABOUR EXPENSE OF THE IRON MINING INDUSTRY: 
ESTIMATION OF COMP57 99 (1972) 


Labour expense accounted for 19.2% of revenues in 1970 


(75), Consequently, COMP57 991972) is 0.192; 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE IRON MINING INDUSTRY 


The following table shows the fractions of the iron 
mining industry's 1972 revenues which were used to pay for its 


various inputs. 
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1972 INPUT VECTOR OF THE IRON MINING INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

_ urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABLE D-28 


FRACTION OF THE IRON MINING 
INDUSTRY'S 1972 REVENUES 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 


.001 


8007) 
.007 
.014 
001 
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TABLE D-28 (continued) 


1972 INPUT VECTOR OF THE IRON MINING INDUSTRY 


INPUT 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 
profit 

wellhead crude oi] 
wellhead natural gas 
labour 


other expense 


FRACTION OF THE IRON MINING 
INDUSTRY'S 1972 REVENUES 


(=) ee) 


.033 
2019 


007 
.050 
. 160 


alge 
499 
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21. IRON AND STEEL MILLS 


There are no iron and steel mills in Alberta. Con- 
sequently, Canadian figures from DBS catalogues and the 1961 Input- 
Output Table were used for this industry. Iron and steel mills 
are included in the analysis because their products are used by many 


industries in Alberta. 


RAILROAD EXPENSE OF IRON AND STEEL MILLS: 
ESTIMATION OF comps 91 (1972) 


Transportation and storage costs accounted for 3.6% of 
revenues in 1961 (15). About 80% of these costs are due to tran- 
sportation expenses. Therefore, 3.6 x 0.8% = 2.9% of revenues 
were used to pay for transportation charges. If the same trans- 
portation distribution is used as for architectural metals then 
75% of transportation charges were due to railroad costs and 25% 
to trucking costs. Therefore, comp 5(1972) SOLO 29B XL sb ee 
0:022. 


TRUCKING EXPENSE OF IRON AND STEEL MILLS: 
ESTIMATION OF COMP 9 91 (1972) 


The percentage of transportation expense attributable to 
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trucking charges is 25%. Consequently, COMP. 91 (1972) is 0.029 x 
OF25"="0. 007% 


ELECTRICITY EXPENSE OF IRON AND STEEL MILLS: 
ESTIMATION OF COMP 52 91 (1972) 


Electricity expense accounted for 1.9% of the industry's 


revenues in 1969 (38). Thus, COMP. 91 (1972) is 0.019. 


REFINERY PRODUCT EXPENSE OF IRON AND STEEL MILLS: 
ESTIMATION OF COMP 54 91 (1972) 


In 1969, iron and steel mills used 0.001 gallons of gaso- 
line, 0.103 gallons of fuel oi] and 0.001 gallons of LPGs per unit 
revenue obtained (38). The oi] refineries received 13.3¢/gallon 
for gasoline, 8.4¢/gallon for fuel oil, and 7.1¢/gallon for LPGs 
(Table D-1). Therefore, COMPo4 91 (1972) se O00 LEX. (ao etUsnUs 
x 0.084 + 0.001 x 0.071 = 0.009. 


NATURAL GAS EXPENSE OF IRON AND STEEL MILLS: 
ESTIMATION OF COMP 4¢ 91 (1972) 


In 1969 the industry used 0.7% of its revenues to pay for 


natural gas (38). Consequently, compo, 91 (1972) Ton 020074 
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INTEREST EXPENSE OF IRON AND STEEL MILLS: 
ESTIMATION OF BIE, (1972)/P.., (1972) 


For iron and steel mills in 1968, interest payments 
accounted for 1.5% of revenues (46). Thus BIE, (1972)/P,, (1972) 
1580015. 


PROFITS REQUIRED BY IRON AND STEEL MILLS: 
ESTIMATION OF PROF, (1972/P., (1972) 


Profits per unit revenue in 1968 were $0.119 (46). 
Therefore, PROF, (1972)/P5, (1972) LseOe4t oe 


LABOUR EXPENSE OF IRON AND STEEL MILLS: 
ESTIMATION OF COMP 57 91 (1972) 


Labour expense accounted for 23.2% of revenues in 1969 


(38). Consequently, COMP.54 91 (1972) is 02282: 
ESTIMATION OF THE 1972 INPUT VECTOR OF IRON AND STEEL MILLS 


The values of all the other nonzero inputs to iron and 
steel mills were taken from the 1961 Canadian Input-Output Tables. 


The following table was then obtained. 


oseouyian teanadeet <O8GE wh et tim: Toate baw noabWVc \ Y 
(SvOF) pPMINET} gg SS cunt <8) egpnavey to 22.1 sot begnberae 
21000 aP 


+ assum saat? nm your 8 apa HE 
(Stet), «2\SFeT) ,.70NF 30 HOITAMTTES 

+ 0° Se 

(Rb) PETE oyow BRET nt ounavey Th 19g 230 ry 
7 ATO 2! (S0OL) AMSTEL) pc AORN sTotsi9dT 


SOL 22772 OHA WOR 79 321993 AUOGAL 

(S38) pe: he 10 

Ewa ee 

Q2tT af. teuneves T FE. 10) Geamonrs sanagxs -wodsd = a 
«555.0 27 CSET) re aster siemee eh 7 


asi ase om 30 ars, Tew Sr a 1 


ee 


tia nov? ud 2duqnt reared verte oft ITs To. ea 


deat gilt oniioeas3, WARS met taniad 8 ens, 
: res cor 


1972 INPUT VECTOR OF THE IRON AND STEEL MILL INDUSTRY 


INPUT 


chemical products 
crop products 
livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 
Pacific water 
_urban transit 

taxi 


aviation 


industrial construction 


residential construction 


architectural metals 
cement 


forestry 


TABLE D-29 


FRACTION OF THE REVENUES 
OBTAINED BY IRON AND STEEL 


MILLS IN 1972 


0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE D-29 (continued) 


1972 INPUT VECTOR OF THE IRON AND STEEL MILL INDUSTRY 


INPUT 


wood 

iron mines 

iron and steel mills 
steel pipe and tube mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 
profit 

wellhead crude oil 
wellhead natural gas 
labour 


other expense 


FRACTION OF THE REVENUES 
OBTAINED BY IRON AND STEEL 
MICE SmIN eo yc 


.002 
“PL 
2.015 


0.019 
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Come) Cela PtCeeANDA TUBE, MILLS 


The data in this section is taken from DBS catalogues 


and the 1961 Input-Output Table. 


CHEMICAL PRODUCT EXPENSE OF STEEL PIPE AND TUBE MILLS: 
ESTIMATION OF comp, 59(1972) 


Chemical product expense accounted for 0.1% of the 
material costs of Canadian steel pipe and tube mills in 1961 (15). 
Material costs were equal to 80.2% of the industry's revenues in 
Alberta in 1970 (76). Consequently, comp 59(1972) is 0.802 x 
0.00 le=20-500]. 


RAILROAD EXPENSE OF STEEL PIPE AND TUBE MILLS: 
ESTIMATION OF comp 59(1972) 


Transportation and storage costs accounted for 3.2% of 
the revenues of Canadian steel pipe and tube mills in 1961] (15). 
About 95% of this expense is due to transportation costs. Ap- 
proximately 75% of the transportation expense is due to railroad 
usage and the remainder is attributable to trucking costs (Stelco). 
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TRUCKING EXPENSE OF STEEL PIPE AND TUBE MILLS: 
ESTIMATION OF compa 99(1972) 


The value of COMP 99 (1972) TSU soe x90, 95° X 10e2 oa 
0.008. 


TRON AND STEEL MILL PRODUCT EXPENSE OF STEEL PIPE AND TUBE MILLS: 
ESTIMATION OF COMP 5] 99(1972) 


The percentage of the material costs of Canadian steel 
pipe and tube mills in 1961, which were attributable to the expense 
of using iron and steel mill products (15), was 77.9%. As material 
costs accounted for 80.2% of revenues, for the Alberta steel pipe 
and tube manufacturing industry; COMP] 99 (1972) is 0.802 x 0.779 = 
7625" 


EEECIRICIUY EXPENSE OFSSTEEE PIPE AND TUBE MILLS: 
ESTIMATION OF COMP53 99(1972) 


In 1970, Alberta steel pipe and tube mills used 0.66% of 
their revenues to pay for fuel and electricity (76). The percentage 
of the fuel and electricity expense of Canadian steel pipe and tube 
mills in 1969, which was due to electricity usage (39) was oh bed 


Therefore, comp. 99 (1972) is 0.066 x 0.592 = 0.004. 
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NATURAL GAS EXPENSE OF STEEL PIPE AND TUBE MILLS: 
ESTIMATION OF COMP D6 99(1972) 


Natural gas expense was responsible for 24.5% of the 1969 
fuel and electricity costs of Canadian steel pipe and tube mills 


(39). Thus COMP og 99(1972) is 0.0066 x 0.245 = 0.002. 


PNT EREST@EXPENSESOE SIEGRSPIPE AND TUBE MILLS: 
ESTIMATION OF BIE,5(1972)/P.45(1972) 


Interest payments accounted for 1.9% of the revenues 
obtained by Canadian primary metal manufacturers in 1968 (46). 


Consequently, BIE,5(1972)/P,.(1972) is 0.019. 


PROG REOULREDEBY STEEL* PIPE AND TUBE MILES: 
ESTIMATION OF PROF 55(1972)/P55(1972) 


Canadian primary metal manufacturers received profits of 
$0.144 per unit revenue in 1968 (46). Therefore, PROF 45(1972)/ 


Po9(1972) isa. a4. 


LABOUR EXPENSE OF STEEL PIPE AND TUBE MILLS: 
ESTIMATION OF comp. 59(1972) 


Labour expense accounted for 10.5% of the revenues ob- 
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tained by steel pipe and tube mills in 1970 (76). Consequently, 
COMPy7 99(1972) 1-S-Oe1057 


ESTIMATION OF THE 1972 INPUT VECTOR OF STEEL PIPE AND TUBE MILLS 


The following table shows the fractions of the steel 
pipe and tube mill industry's 1972 revenues which were used to 


pay for its various inputs. 
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TABLE D-30 


1972 INPUT VECTOR OF THE STEEL PIPE AND TUBE MILL INDUSTRY 


INPUT FRACTION OF STEEL PIPE AND TUBE 
MILLS 1972 REVENUES 


chemical products 0.001 
crop products 0 
livestock products 0 
other farm products 0 
fertilizer 0 
feed 0 
railroad OB023 
trucking 0.008 
inland water 0 
Pacific water 0 
urban transit 0 
taxi 

aviation 

industrial construction 
residential construction 


architectural metals 


cement 


S fF | SS] S&S So ©] 


forestry 
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TABLE D-30 (continued) 


1972 INPUT VECTOR OF THE STEEL PIPE AND TUBE MILL INDUSTRY 


SL 


INPUT FRACTION OF STEEL PIPE AND TUBE 
MILLS 1972 REVENUES 


wood 0 
iron mines 0 
iron and steel mills Onoes 
steel pipe and tube mills 0 
electricity 0.004 
refinery products 0 
oil pipeline 0 
natural gas 0.002 
bond interest 0.019 
profit 0.144 
wellhead crude 07] 0 
~wellhead natural gas 0 
labour 0.105 


other expense 0.069 
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230% PELECT RIG POWER INDUSTRY 


Unless otherwise stated all of the data in this section 
was taken from the 1969 DBS Catalogue on electric power companies 


(77), and they apply to the province of Alberta. 


INDUSTRIAL CONSTRUCTION EXPENSE OF THE ELECTRIC POWER INDUSTRY: 
ESTIMATION OF COMP) 4 93(1972) 


Depreciation expense accounted for 12.5% of revenues. 
From an analysis of the composition of the fixed assets of electric 
power companies it can be seen that at least 90% of the deprecia- 
tion expense is due to depreciation of assets produced by the con- 


struction industry. Thus, COMP, 4 53(1972) 1520.0. Xa05 | Cos=e0 doe 


REFINERY PRODUCT EXPENSE OF THE ELECTRIC POWER INDUSTRY: 
ESTIMATION OF COMP» q 93(1972) 


The electric power industry consumed 0.09 gallons of 
heavy fuel oi] and 0.007 gallons of diesel oi] per dollar of re- 
venue obtained. The oil] refineries received 5.8¢/gallon for 
heavy fuel oi] and 11.3¢/gallon for diesel oi] (Table D-1). 
Therefore, COMPog 93(1972) is 0.09 x 0.058 + 0.007 x 0.113 = 0.006. 
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ESULMATION OF THEsT97 251 NPUTAVECTOR OF THE ELECTRIC 
POWER INDUSTRY 


The values of all the other nonzero inputs to the 
electric power industry were obtained directly from data in the 
1969 DBS catalogue on electric power companies (77). The follow- 


ing table was then obtained. 
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1972 INPUT VECTOR OF THE ELECTRIC POWER INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement | 


forestry 


TABLE D-3] 


FRACTION OF THE ELECTRIC POWER 
INDUSTRY'S 1972 REVENUES 
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TABLE D-31 (continued) 


1972 INPUT VECTOR OF THE ELECTRIC POWER INDUSTRY 


nn 


INPUT FRACTION OF THE ELECTRIC POWER 
INDUSTRY'S 1972 REVENUES 


wood 

iron mines 0 
iron and steel mills 0 
steel pipe and tube mills 0 
electricity 0.194 
refinery products 0.006 
oil pipeline 0 
natural gas 0.048 
bond interest 0.089 
profit 0.279 
wellhead crude oi] 0 
wellhead natural gas 0 
labour 0.143 
other expense 0.128 
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24, PETROLEUM REFINING INDUSTRY 


The information used in this section was obtained from 
DBS catalogues (46, 78, 79), the 1961 Canadian Input-Output Table 
(15), Federated Pipelines Ltd., and the Energy Resources Conser- 
vation Board. Unless stated otherwise all of the data applies to 
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CHEMICAL PRODUCT EXPENSE OF THE PETROLEUM REFINING INDUSTRY: 
ESTIMATION OF comp, 94 (1972) 


Chemical product expense accounted for 3.3% of the re- 
venues obtained by Canadian refineries in 1961 (15). Thus, 


comp 94(1972) Ws OF033° 


INDUSTRIAL CONSTRUCTION EXPENSE OF THE PETROLEUM REFINING INDUSTRY: 
ESTIMATION OF COMP, 4 941972) 


Alberta refineries spent 1.8% of their revenues on re- 
pair construction of processing units (78, 79). Therefore, 


COMP) 4 94 (1972) is 0.018. 
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ELECTRICITY EXPENSE OF THE PETROLEUM REFINING INDUSTRY: 
ESTIMATION OF COMP 53 941972) 


Electricity costs accounted for 77.3% of the fuel and 
electricity expense of Canadian petroleum refineries (78). Alberta 
refineries used 1.14% of their revenues to pay fuel and electricity 


(1972) 1s 0.773 x 0.0114 = 


costs (78). Consequently, COMPo3 oa/ 


0.009. 


OTE PIPELINE EXPENSE OF THE PETROLEUM REFINING ENDUSTRY: 
ESTIMATION OF compo, 941972) 


In 1972, the average neinend price of crude oi] in 
Alberta was $3/barrel (23). At the same time, Alberta oil refineries 
paid $3.2 for delivered crude oil (approximate estimate made by 
Federated Pipelines Ltd.). Therefore, it costs $0.2/3 = $0.067 to 
transport $1 worth of wellhead crude oi] to the refineries. It 
will be shown that 58.2% of the refineries’ revenues were consumed 
by wellhead crude oil expense. Therefore, COMPos 94(1972) is 


Onb82exh0 067 a= 02039; 


NATURAL GAS EXPENSE OF THE PETROLEUM REFINING INDUSTRY: 
ESTIMATION OF COMP og 941972) 


Natural gas costs were responsible for 20.2% of Canadian 


refineries! fuel and electricity expense (78). Thus COMP o¢ 94 (1972) 
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INTEREST EXPENSE OF THE PETROLEUM REFINING INDUSTRY: 
ESTIMATION OF BIE4,(1972)/P5, (1972) 


In 1968, Canadian refineries used 1.6% of their revenues 
to pay the interest expense they incurred (46). Therefore, BIEo, 
(1972)/P5, (1972) 189070162 


PROFIT REQUIRED BY THE PETROLEUM REFINING INDUSTRY: 


ESTIMATION OF PROF,,(1972)/P.,,(1972) 


24 24 


Profits accounted for 11.8% of the revenues received by 
Canadian refineries in 1968 (46). Consequently, PROF, (1972)/ 
P54 (1972) is 0.148. 


WELLHEAD CRUDE OIL EXPENSE OF THE PETROLEUM REFINING INDUSTRY: 
ESTIMATION OF RO, 4 (1972)/P54(1972) 


Alberta refineries consumed 0.224 barrels of crude oil 
for each dollar of revenue they received (45, 78). The average 
Alberta wellhead crude oil price in 1970 was $2.6 per barrel (80). 
Thus RO» 4(1972)/P, (1972) is 0.224 x 2.6 = 0.582. 


273 


anIM 1a : 7 
‘WATQUGM 2? 1438 PAGJOATSS, HT | SRI TH a 
(50H) gg I (STET) yc OHA 1 70 | 


~~ 


ot 


Vd Gayteas zoutevet ait to 2B. rt 797 bednuoso6 er ttess 


\ S007}, 30 pvfzepups2encd§ (9A) Geet 7 zst'ven}ts4 


“atr.0 at I 


YNTAUNT GHEMTIIA MUZIONTIG SHT 70 3209K3 tio 36009 ‘i 


(Stent pg CET 30 worranrtea 


| | : os a 
fro stunt 40 eferued 85,0 bsmence sotyaniter stusdtA’ atte 
ooresvs ott «(RT .25) bevtsssn yard sunayey to teffob-dsse 407 


.(08) Teried weg 3.82 zaw OCCT at sottq Tro sbina b: 
ee 


274 


LABOUR EXPENSE OF THE PETROLEUM REFINING INDUSTRY: 
ESTIMATION OF COMPo7 94 (1972) 


Labour expense accounted for 5.3% of the revenues re- 
ceived by Alberta refineries in 1969 (40). Consequently, 
COMPo7 94(1972) iS 0.053. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE PETROLEUM REFINING 
INDUSTRY 


The following table shows the fractions of the petroleum 
refining industry's 1972 revenues which were used to pay for its 


various inputs. 
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1972 INPUT VECTOR OF THE PETROLEUM REFINING INDUSTRY 


INPUT 


chemical products 
crop products 
livestock products 
other farm products 
fertilizer 
feed 
railroad 
trucking 
inland water 
Pacific water 

urban transit 
| taxi 
aviation 
industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABLE D-32 


FRACTION OF THE PETROLEUM INDUSTRY's 


1972 REVENUES 
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TABLE D-32 (continued) 


1972 INPUT VECTOR OF THE PETROLEUM REFINING INDUSTRY 


a 


INPUT 


wood 

iron mines 

iron and steel mills 
steel pipe and mane mills 
electricity 

refinery products 
oil pipeline 

natural gas 

bond interest 
profit 

wellhead crude oil 
wellhead natural gas 
labour 


other expense 


FRACTION OF THE PETROLEUM INDUSTRY'S 


1972 REVENUES 


. 009 


Ue }S) 
002 
.016 
he 
582 


.053 
. 130 
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25. OIL PIPELINE TRANSPORTATION INDUSTRY 


This industry only transports crude oil from the well- 
head to the refinery. It does not buy the crude oi] and then sell 
it to the refinery. Consequently, the price of crude oil does not 
enter into the basic equations for this industry. 

The figures used for this industry were taken from a 
DBS Catalogue (81), and they apply to interprovincial pipelines in 
1969. 


INDUSTRIAL CONSTRUCTION EXPENSE OF THE OIL PIPELINE INDUSTRY: 
ESTIMATION OF COMP 4 95(1972) 


Depreciation per unit revenue was $0.174. As most of 
the depreciation is due to depreciation of constructible assets, 


COMP ry 96(1972) Tse rGe 


EEGCTRIGILY EXPENSE ObetiEs OLE SPIPELINE IL RDUSTRY 
ESTIMATION OF compy3 95(1972) 


Operating fuel and power accounted for 3.7% of revenues. 
About 98% of fuel and power expense js due to electricity costs 
(Interprovincial Pipe Line Company). Therefore, COMP y 4 96,(1972) 
is 0.037 x 0.98 = 0.036. 
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ESTIMATION OF THE 1972 INPUT VECTOR OF THE OIL PIPELINE INDUSTRY 


The values of all the other nonzero inputs to the oil 
pipeline industry were obtained directly from data in the 1969 
DBS Catalogue on oil pipeline transportation (81). The following 


table was then obtained. 
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TABLES D=35 


1972 INPUT VECTOR OF THE OIL PIPE LINE TRANSPORTATION INDUSTRY 


INPUT FRACTION OF OIL PIPE 
LINE'S 1972 REVENUES 


chemical products 
crop products 
livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 
Pacific water 
urban transit 


taxi 


ay (je) ‘er ee)  @) @yr @o) Se  @e ts) is) (Ss) Xe) 


aviation 

industrial construction SFA) 
residential construction 
architectural metals 


cement 


Sa & S&S JS «©€ 


forestry 


TABLE D-33 (continued) 


1972 INPUT VECTOR OF THE OIL PIPE LINE TRANSPORTATION INDUSTRY 


INPUT FRACTION OF OIL PIPE 
LINE'S 1972 REVENUES 


wood 

iron mines 

iron and steel mills 
Steel pipe and tube mills 
electricity .036 
refinery products 
oil pipeline 
natural gas 

bond interest a GS 
profit 473 
wellhead crude oi] 


wellhead natural gas 


eS a 2 2S] S| oS >] F&F S| oS SS S> S&S 


labour .073 


other expense 0.1393 


26. NATURAL GAS UTILITIES 


Unless stated otherwise all of the figures in this 
section apply to the operations of Canadian Western Natural Gas 


Ltd. and Northwestern Utilities Ltd. in 1971. They were either 


taken from the annul reports of the above companies or were obtained 


directly from Northwestern Utilities. As these two companies supply 


about 70% of the natural gas used in Alberta, their figures can be 
considered representative of the Alberta natural gas utility in- 


dustry. 


INDUSTRIAL CONSTRUCTION EXPENSE OF GAS UTILITY COMPANIES: 
ESTIMATION OF comp y 5 og (1972) 


Depreciation and amortization for the two companies 
amounted to $5,038,000 (82, 83). For Canadian natural gas utili- 
ties in 1968, depreciation accounted for 98% of the depreciation 
and amortization expense (29). Therefore, the depreciation ex- 
pense was 0.98 x $5,039,000 = $4,937,240. The revenues obtained 
from the sale of natural gas were equal to $66,654,000 (82, 83). 
Consequently, COMP 5 9¢6(1972) is 4,937,240/66,654,000 = 0.074. 
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REFINERY PRODUCT EXPENSE OF GAS UTILITY COMPANIES: 
ESTIMATION OF COMP og 96 (1972) 


Gasoline expense accounts for 0.3% of revenues (North- 
western Utilities). If the utility company pays 40¢/gallon for 
gasoline and the oil refinery receives 13.3¢/gallon (Table D-1) 


then COMP oy 96 (1972) is ne ee 0.001, ~The price paid by 


40 
the gas utility companies for gasoline is not important since the 


O-003"x 


coefficients are only being estimated to the third decimal place. 
The value of COMP» 4 96 (1972) would still be 0.001 if the gas 


utility companies paid 50¢/gallon for gasoline. 


INTEREST EXPENSE OF GAS UTILITY COMPANIES: 
ESTIMATION OF BIE5¢(1972)/P5¢(1972) 


The percentage of revenues which was used to pay interest 
on long term debt (82, 83) was 6.2%. Therefore ,BIE5¢(1972)/Po¢ (1972) 
is 0.062. 


PROFIT REQUIRED BY GAS UTILITY COMPANIES: 
ESTIMATION OF PROF 56 (1972)/Po¢ (1972) 


Net earnings (excluding extraordinary income) accounted 
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for 19.1% of revenues (82, 83). Thus PROF 56 (1972)/P_(1972) 1s 
OSboue 


WELLHEAD NATURAL GAS EXPENSE OF GAS UTILITY COMPANIES: 
ESTIMATION OF RGo6(1972)/Po¢(1972) 


The percentage of revenues which was used to purchase 
wellhead natural gas (82, 83) was 34.8%. Therefore, RGo_(1972)/ 
Ys 


g (1972) is 0.348. 


LABOUR EXPENSE OF GAS UTILITY COMPANIES: 
ESTIMATION OF COMP 57 96 (1972) 


Labour expense accounted for 15.1% of revenues (North- 


western Utilities). Consequently, COMP 55 9g (1972) 1S. 0aiote 
ESTIMATION OF THE 1972 INPUT VECTOR OF GAS UTILITY COMPANIES 


The following table shows the fractions of the revenues 
obtained by gas utility companies in 1972 which were used to pay 


for their various inputs. 
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TABLE D-34 


1972 INPUT VECTOR OF NATURAL GAS UTILITIES 


INPUT FRACTION OF THE 1972 REVENUES 
OF NATURAL GAS UTILITIES 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction .074 
residential construction 


architectural metals 


cement 
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forestry 
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TABLE D-34 (continued) 


1972 INPUT VECTOR OF NATURAL GAS UTILITIES 


LL 


INPUT FRACTION OF THE 1972 REVENUES 
OF NATURAL GAS UTILITIES 


wood 

iron mines 

iron and steel mills 
Steel pipe and tube mills 
electricity 

refinery products .001 
oil pipeline 
natural gas 
bond interest 062 
profit mie 
wellhead crude oi] 
wellhead natural gas . 348 


labour 151 
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27. LABOUR INDUSTRY 


Labour is considered as an industry in that it produces 
output (work) after it has consumed inputs (food, natural gas etc.). 
It is assumed that when the costs of these inputs are raised (due 
to wellhead natural gas and crude oil price increases), the price 


of labour will be increased to compensate for the rising input costs. 


CROP PRODUCT EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF comp. 97 (1972) 


Canadians spent 18.7% of their 1969 revenues on food (84). 
In 1968, the percentage of the food expenditure of Prairie inhabi- 
tants which was due to their use of crop products (85) was 12%. 
Therefore, the labour industry used 18.7 x 0.12% = 2.24% of its 
revenues to pay for crop products. For the first nine months of 
1972, the U.S. crop farmer received 16% of the money spent by the 
labour industry on food (86). The rest of the money went to re- 
tailers, packagers etc. Therefore, COMP 7 (1972) 182070224 ox 
0.16 = 0.004. 


LIVESTOCK PRODUCT EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF comp. 97(1972) 


The percentage of the food expenditure of the average 
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person living in the Prairies in 1968, which was attributable to 
the purchase of livestock products (85), was 50.5%. Consequently, 
18.7 x 0.505% = 9.44% of the labour industry's revenues were used 
to buy livestock products. For the first nine months of 1972, 
livestock farmers in the U.S. received 54.4% of the retail price of 
livestock products (86). Thus, comps 57(1972) is 0.0944 x 0.544 = 
OF 051% 


“OTHER FARM" PRODUCT EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF COMP y 97 (1972) 


The percentage of the money spent on food in 1968 by 
Prairie inhabitants which was attributable to the purchase of "other 
farm" products (85) was 16%. Therefore, 18.7 x 0.16% = 2.99% of 
the labour industry's revenues were consumed in buying “other farm" 
products. For the first nine months of 1972, U.S. farmers received 
25.4% of the retail price of “other farm" products (86). Con- 
sequently, cOMmPy 97 (1972) is 0.0299 x 0.254 = 0.008. 


RAILROAD EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF comp 97 (1972) 


The percentage of the average Canadian's expenditure in 
1969 which was due to his use of public transportation (84) was 


2.3%. The percentage of an Edmontonian's public transportation 
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expense in 1964, which was due to his out of town travelling (87), 
was 41.4%. Therefore, 2.3 x 0.414% = 0.955% of the labour industry's 
revenues are used for out of town travelling. This type of tra- 
velling expense will now be subdivided into railroad, bus and avia- 
tion expenses in proportion to the passenger revenues obtained by 
the industries involved in these transportation categories. The 


following table was constructed for Canada in 1969 (88, 89, 90). 


TABLE D235 


REVENUES OBTAINED BY TRANSPORTATION SYSTEMS 


INDUSTRY PASSENGER REVENUES 
$'000 
Canadian railroads 62,952 


Intercity and rural passenger 


bus companies 72,652 
Canadian airlines 480,256 
TOTAL 6155453 


From this table it is estimated that the fraction of out 
of town transportation due to the use of railroads, buses, and air- 
lines is 10.2%, 11.8% and 78%, respectively. Therefore, 0.955 x 
0.102% = 0.097% of the labour industry's revenues were used to pay 
for its railroad expense. Similarly, the percentage of this in- 
dustry's revenues paid to Intercity and rural passenger bus com- 


panies, and Canadian airline companies was 0.113% and 0.745%, 
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respectively. The value of comp, 97 (1972) TSeOSOCie 


URBAN TRANSIT EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF COMP yy 97(1972) 


The percentage of the industry's revenues which was used 
to pay for public transportation was 2.3%. The percentage of an 


Edmontonian's public transportation costs in 1964 which was due to 


his use of Urban Transit (87) was 27.8%. Therefore, 2.3 x 0.278% 
0.639% of the labour industry's revenues were consumed in paying 
for the use of Urban Transit. 

Intercity and rural passenger bus companies are included 
in the Urban-Transit industry. It was shown that the labour in- 
dustry paid 0.113% of its revenues to the Intercity and rural bus 
companies. The total cost per unit revenue of the use of the 
Urban-Transit industry's facilities to the labour industry is the 
- sum of the component costs (Urban-Transit, and Intercity and rural 
passenger bus companies). Therefore, COMP 4 97(1972) is 0.00639 
+ 0.00113 = 0.008. 


TAXI EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF COMP, 5 97 (1972) 


The percentage of. an Edmontonian's public transportation 
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expense in 1964 which was due to his payment of taxi fares (87) 


was 7.2%. Therefore, COMP 15 97(1972) 1se0a02exw0 [072ese080024 


AVIATION EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF COMP, 3 97 (1972) 


It was shown that the labour industry had an aviation 
expense per unit revenue of $0.00745. Consequently, COMP) 3 97 


GiS72 ye 1s 0.007. 


RESIDENTIAL CONSTRUCTION EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF COMP) 5 97 (1972) 


The percentage of a Canadian's revenues in 1969 which 
was used to pay for housing costs (84) was 12.1%. Therefore, 


COMP ys 57(1972) ee Oe ale 


ELECTRICITY EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF COMP y 3 97 (1972) 


Canadians used 3.1% of their revenues in 1969 to pay 
water, power and fuel costs. It is estimated, therefore, that 


electricity and natural gas costs accounted for 3% of revenues. 


Natural gas sales to the Alberta residential section in 


1968 amounted to $27,491,933 (29). The corresponding value for 
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electric power was $33,607,000 (91). Thus the fraction of the 
residential electricty and natural gas expense which was due to 


the use of electricity was 33 607,000 
33,607,000 + 27,491 5933 


= 0.55: 


Therefore, COMP52 97(1972) TS7Os0S09x20, 55-20 00175 


REFINERY PRODUCT EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF COMP oy 97(1972) 


The percentage of a Canadian's revenues in 1969 which was 
used to pay for his car and truck operating expenses (84) was 5.8%. 
After an examination of the operating costs of a GMC three ton truck 
(92), of a Dodge three ton truck (92), and of the motor vehicles 
of a few private citizens, it was decided that 50% of the cost of 
a motorist's operating expenses was attributable to his use of 
refinery products. Therefore, 5.8 x 0.5% = 2.9% of the labour in- 
dustry's revenues were consumed in the purchase of refinery pro- 


ducts. 


In 1972, the average Alberta motorist paid approximately 
50¢/gallon for gasoline. The oil refineries received 13.3¢/gallon 


(Table D-1). Consequently, 13.3 x 100% = 26.6% of the labour 
50 


industry's expenditure on gasoline was received by the refineries. 


As most of the motorist's refinery product expense is due to the 


_ tod ; , | : 7 7 . 
bom S0a. ee _,_— baw ito Prazete | Bo 
ee; 709,0S ¥ 000,T00,08 | aye ; 

$40.0 « 22.0 x 020.0 oF TAKEO gy; egos oon - 


2.0 = 


5 


Aderauows muDSA INT AO WeVAANA TOVOONG VABMTATA . 
eh eo : 
a > £3 
sew dotew G80t A) geureived 2'nsthsnad 6 Yo ium ont ; 
20.2. sow CO) wasesque nts erage \touds’ Ona’ ve, ett 707 yoy oo baw 
igus ee Sete GMO o Yo 22209 patrateqe eit to notisntmexs nis AS3TA 
atainwy webow eft Yo tae ,{S2) sauit nod sevitt spbod s Te (58) 
to dbp gfif Te ROE Peity baptosb eow tt ete FHS steving wot 5 To 
¥o Gey 27 OF aldesudiaTsA 260 2S2s79Qne pntisrago 2 ‘y2hrolom & 
-wt quedet Sfb Yo. 20.5 = 22.0 x 8.2 .svoteved .239uborg rent 


<whq. yroultae %o sesriotwg sit nt bemmenod nem 


ee 


eladanractqun btog Jatvarem s2sdiA spevevs ary «TCE at _ 
not ieg\at.et hewhsser estyontte7 Tio adT nt toeap 10 tot oe 
wet 9A ¥9 y9,96 = woos, x $8 Bercoce ia Te 
set ne by | ee 
ee 


use of gasoline, it is reasonable to assume that the oil refineries 
received 26.6% of the money spent by the labour industry on re- 
finery products. Therefore, COMPy 4g 97(1972) is 0.029 x 0.266 = 
0.008. 


NATURAL GAS EXPENSE OF THE LABOUR INDUSTRY: 
ESTIMATION OF COMP 5¢ 97(1972) 


The nEreentee of the labour industry's revenues which 
was spent on electricity and natural gas was 3%. The percentage 
of electricity and natural gas expense which was attributable to 
natural gas was 45%. Therefore, COMP 97(1972) 1S) 0.0305x%20-452— 
O20 13. 


ESTIMATION OF THE 1972 INPUT VECTOR OF THE LABOUR INDUSTRY 


The following table shows the fractions of the labour 
industry's 1972 revenues which were used to pay for its various 


inputs. 
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TABLE D-36 


1972 INPUT VECTOR OF THE LABOUR INDUSTRY 


RN 


INPUT FRACTION OF LABOUR 
INDUSTRY'S 1972 REVENUES 


chemical products 


i) 


crop products .004 


livestock products 7051 
other farm products .008 
fertilizer 
feed 

railroad .001 


trucking 


es Se fa eS 2 oS ©S& 


inland water 
Pacific water 
urban transit .008 
taxi .002 
aviation .007 
industrial construction 
residential construction el 
architectural metals 


cement 


oa, SES & F&F S|] Oo SS S| Ss 


forestry 


TABLE D-36 (continued) 


1972 INPUT VECTOR OF THE LABOUR INDUSTRY 


INPUT FRACTION OF LABOUR 
INDUSTRY'S 1972 REVENUES 


wood 
iron mines 
iron and steel mills 


Steel pipe and tube mills 


a oS = >] S&S 


electricity 2017 


Oo 


refinery products .008 
oil pipeline 
natural gas “O15 
bond interest 
profit 

wellhead crude oil 
wellhead natural gas 


labour 
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other expense . 760 
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28. DUMMY INDUSTRY 


Unless stated otherwise all of the data in this section 
was taken from the 1961 Input-Output Tables (15). The "dummy in- 
dustry" spent 973.6 million dollars on transportation and storage. 
It is assumed that 900 million dollars were attributable to trans- 
portation expense. The portions of this expense which were due to 
the different transportation modes will now be estimated. 

The following table was obtained by using data taken 
from 1969 DBS catalogues (58, 60, 61, 93). 


TABLE D-37 


1969 REVENUES OBTAINED BY DIFFERENT TRANSPORTATION SYSTEMS 


COMPONENT TRANSPORTATION FREIGHT REVENUES COMPONENT FREIGHT 

INDUSTRY OBTAINED IN 1969 REVENUES 
$'000 TOTAL 

Railroad 1,425,963 0.548 

Truck 12029-1392 0.396 

Inland Water Teed. 0.047 

Pacific Water 235/05 0.009 

TOTAL 2,600,612 


The cost to the dummy industry of using the different 
transportation systems is estimated from the values in column 3 


of Table D-37. This is accomplished in the following table. 
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TABLE D-38 


DUMMY INDUSTRY'S EXPENDITURE ON DIFFERENT MODES 
OF TRANSPORTATION IN 1961 


COMPONENT TRANSPORTATION COST TO DUMMY INDUSTRY OF 
INDUSTRY USING COMPONENT 
TRANSPORTATION SYSTEM 


(millions of dollars) 


Railroad 900 x 0.548 = 493.2 
Truck 900 x 0.396 = 356.4 
Inland Water Transport 900 x 0.047 = 42.3 
Pacific Water Transport 900 x 0.009 = 8.1 


Nonresidential natural gas consists of all the natural 
gas sold by utility companies which does not go the residential 
sector (labour industry). Thus, the labour industry's nonre- 
sidential natural gas consumption is zero. 

Sixteen of the first twenty-seven industries spent 
55,285 dollars on nonresidential natural gas in 1968 (31, 30,40, 
58, 66, 74, 38, 32, 94, 77, 95, 96). The cost of natural gas to 
the other 11 industries (classification numbers 7-15, 25, 26) was 
not available as they use such small quantities of this commodity. 
Consequently, a reasonable estimate of the money paid by the 27 


industries for natural gas in 1968 is 58,000 dollars. 
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Canadian nonresidential natural gas sales in that year 
amounted to 263,753 dollars (29). Therefore , the 27 industries 


accounted for 58,000 x 100% _ 224 of these sales. The revenue 
20367 03 
obtained from nonresidential natural gas sales in Canada in 1961 


was 105.7 million dollars (97). It is therefore estimated that the 
dummy industry spent (1-0.22) x 105.7) = 82.4 million dollars on 
natural gas in that year. 

Table D-39 was obtained by combining the estimated trans- 
portation and natural gas expenses of the dummy industry with data 


obtained directly from the 1961 Canadian Input-Output Tables. 


(aet at abensd at zalac 2ep lavvtsn fébonsbtesinan mot: bantaddo 

oud gud hehient yee Wistewent cf. 31 -{R) avelTob nor ttie T.200 Sam : 

oo eveftohnobht te 8.88 < (V.20f + (S8.0-f), dnag2 wrteubat yam - 
.~say fad? nt asp feruten 


-geert beranttye oA) palstamos xd boatedde z6w C20 afdaT . - 


a 


tab Ade cman! view od? Yo 2penasgne eas Tsuudan bite nottsd10q 
wate iat dugtuO-2ugel ostbansd faeh oft movi yisasith bentaddo 


‘9 Xgl 


298 


TABLE D- 39 


1961 EXPENDITURE OF THE DUMMY INDUSTRY ON VARIOUS INPUTS 


LN 


INPUT DUMMY INDUSTRY 
EXPENDITURE ON INPUT 


(millions of dollars) 


chemical products 335.9 
crop 196.1 
livestock 1,423.2 
other farm products 143.4 
perc zey: 0.9 
feed 6.3 
railroad 493.2 
truck 356.4 
inland water 42.3 
Pacific water Sal 
industrial construction 689.4 
architectural metals 1.4 
cement 45.5 
forestry 348.1 
wood 10205 
iron mines 0.5 
509.3 


iron and steel mills 
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TABLE D-39 (continued) 


1961 EXPENDITURE OF THE DUMMY INDUSTRY ON VARIOUS INPUTS 


a A ee a A LI lh i ct I il ite INN OTR aN I 


INPUTS DUMMY INDUSTRY 
EXPENDITURE ON INPUT 


(millions of dollars) 


steel pipe 35 
electricity 309.5 
refinery products 299 
natural gas 82.4 
labour 11,067 
*other expense 27 5458.2 


*The use by the dummy industry of its own products accounted 
for 16,778.7 million dollars of "other expense". Profits, 
interest, and commodity taxes were responsible for the re- 
maining 10,679.5 million dollars. 
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The 1972 input vector to the dummy industry is obtained 
by dividing each term in Table D-39 by 43,952.6 million dollars , 


which is the value of the revenues obtained by the dummy industry 


in 1961 
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1972 INPUT VECTOR OF THE DUMMY INDUSTRY 


INPUT 


chemical products 

crop products 

livestock products 
other farm products 
fertilizer 

feed 

railroad 

trucking 

inland water 

Pacific water 

urban transit 

taxi 

aviation 

industrial construction 
residential construction 
architectural metals 
cement 


forestry 


TABLE D-40 


FRACTION OF THE 1972 REVENUES 
OF THE DUMMY INDUSTRY 


0. 
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TABLE D-40 (continued) 


1972 INPUT VECTOR OF THE DUMMY INDUSTRY 


INPUT FRACTION OF THE 1972 REVENUES 
OF THE DUMMY INDUSTRY 


wood 0.002 
iron mines 0 
iron and steel mills 0.012 
steel pipe and tube mills 0.001 
electricity 0.007 
refinery products 0.007 
oil pipeline 0 
natural gas 0.002 
bond interest 0 
profit 0 
wellhead crude oil 0 
wellhead natural gas 0 
labour Or 252 
other expense 0.625 
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ESTIMATION OF RPO(t) AND RPG(t) VALUES 
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The quantities RPO(t) and RPG(t) are defined as follows: 


RPO(t) _ wellhead crude oil price in year t an 
wellhead crude oil price in year t+] 


RPG(t) _ wellhead natural gas price in year t 


wellhead natural gas price in year t+] 


Tables E-1 and E-2 show the values of RPO(t) and RPG(t) 
which correspond to the wellhead petroleum prices (constant dollars) 
in Tables VI-3 and VI-4. Table E-1 is obtained from Table VI-3 by 
dividing each element in the table by the element in the row above 
it. Table E-2 is obtained from Table VI-4 in a similar manner. 

A similar procedure could be followed to determine the 
RPO(t) and RPG(t) profiles which correspond to the case where there 
is a reduction in the value of the dollar. To do this would require 
the conversion of the prices in Tables VI-3 and VI-4 into new prices 


which were based on the assumption that 


the value of the dollar in year t = 1.03 
the value of the dollar in year t+] 


These new prices could then be used to evaluate the RPO(t) 
and RPG(t) profiles. However, it is easier to obtain these profiles 
by multiplying each element in Tables E-1] and E-2 by 1.03. This was 


the method used to calculate the values in Tables E-3 and E-4. 
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TABLE E=-1 


RPO(t) AND RPG(t) PROFILES CORRESPONDING TO PRICES IN TABLE VI-3 


YEAR t LOW RPO(t) 
PROFILE _ 


T3973 
1974 
eyes 
1976 
Loe 
1978 
LISTS, 
1980 
198] 
1982 
1983 


- 1984 


1985 


1.060 
1053 
TRO 57 


1.040 


1.038 
e(tsy 
1.038 
1.036 
1.042 
1.036 
E033 
1.036 
1.028 


HIGH RPO(t) 


PROFILE 


hlOFG 
16071 
12072 
1.068 
Unis 
1.068 
1.068 
1.066 
1.066 
1.064 
1.065 
Te Oye 
Leslee, 


LOW RPG(t) 


PROFILE 


MEDIUM RPG(t) HIGH RPG(t) 
PROFILE 


Bots) 
ie Seis: 
15079 
HeQeo 
1.008 
12059 
1. hz 
iesau 
1.000 
0.98] 
1.008 
020 
Wuce 
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TABLE E-2 
RPO(t) AND RPG(t) PROFILES CORRESPONDING TO PRICES IN TABLE VI-4 


YEAR t LOW RPO(t) HIGH RPO(t) LOW RPG(t) MEDIUM RPG(t) HIGH RPG(t) 


Meee ChUG Le PROFILE PROFILE PROFILE PRORIVEE 
173 1.050 ie LOY, doers: 1.243 1.540 
1974 1.051 1.093 1.089 12195 eke 
175 1.045 1.088 ].078 1.168 1.234 
1976 1.049 1.084 1.078 1.144 LAIES 
USWA 1.044 aLSS 1.067 Teiz6 1.142 
1978 1.042 e072 1.063 a2 1115 
yess 038 1.065 1.059 i101 1E097 
1980 Paitin) 1.063 1.056 109) 1.082 
198) 1.040 TOS), 1.057 1.084 AU 
1982 1.034 ].054 1.050 1.077 1.061 
1983 Te0s7 V.053 1.048 C72 1.054 
1984 1037 1.049 1.046 1.067 1.047 


1985 033 1.049 1.047 1.063 1.042 


* 
TABLE E=3 


RPO(t) AND RPG(t) PROFILES BASED ON THE EXPRESSION 


OF THE PRICES IN-TABLE VI-3 IN REDUCED VALUE DOLLARS 


YEAR t LOW RPO(t) HIGH RPO(t) LOW RPG(t) MEDIUM RPG(t) HIGH RPG(t) 


pee = | PROFILE PROFILE PROFILE PROFILE PROFILE 
1973 T2092 e105 1.420 1692 2.286 
1974 1.085 i103 We255 (holley 1.406 
1975 1.089 1.104 1.100 1.103 We let 
1976 Or 1.100 12055 1.088 1.060 
ody 1.069 1105 1.050 095 1.038 
1978 1.068 re Mare) 1.050 irs lae Te 09) 
1979 1.069 1.100 1.050 eu eedd 
1980 1.067 1.098 1.045 T130 12370 
1981 W073 1.098 1053 1e0i5 1.030 
1982 1.067 1.096 1052 Walls 1.010 
~ 1983 1.064 e097 1.052 Wet07 1.038 
1984 1.067 1.104 1.062 1.104 1.056 
1985 12059 lt tale 1.061 1.108 i053 


“this table is obtained by multiplying each element in Table E-] 
DVel<03. 
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* 
TABLE E-4 


RPO(t) AND RPG(t) PROFILES BASED ON THE EXPRESSION 


OF THE PRICES IN TABLE VI-4 IN REDUCED VALUE DOLLARS 


YEAR t LOW RPO(t) HIGH RPO(t) LOW RPG(t) MEDIUM RPG(t) HIGH RPG(t) 


PROFILE —S PROFILE PROFILE PROFILE PROFILE 
1973 1.082 1.140 1.126 1.280 1.586 
1974 1.083 1.126 1.118 1223) 1.365 
1975 1.076 12123 1.110 1.203 1.271 
1976 1.080 lie hh 1.110 1.178 1.210 
1977 1.075 1.107 1.099 1.160 1.176 
1978 1.073 1.104 1.095 1.145 1.148 
1979 1.069 1.097 1.091 1.134 1.130 
1980 1.070 1.095 1.088 1.124 1.114 
1981 1.071 1.089 1.089 1.117 1.104 
1982 1.065 1.086 1.082 1.109 1.093 
1983 1.068 1.085 1.079 1.105 1.086 
1984 1.063 1.080 1.077 1.099 1.078 
1985 1.064 1.080 1.078 1.095 1.073 


“this table is obtained by multiplying each element in Table E-2 
DY 1.03. 
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"Other Assets" are those depreciable assets which are not 
produced by the construction industry. The variable DEPN, (t), 
1 < k < 28, is the estimated fraction of industry k's operating re- 
venues in year t which were allocated to compensate for the depre- 
ciation of "other assets". In the sample calculation the variation 
of DEPN, (t) with time was treated analogously to the depreciation of 
assets which were produced by the construction industry. It was 
assumed that: 

DEPN, (t) 2+ Io9(t) 


DEPN, (t-1) 3 


This assumption is based on two main suppositions and they are: 
1. "other assets" are depreciated linearly over three 
years (beginning in the year of construction), 
2. the cost of producing these assets is inflated at 
the same rate as the required operating revenues of 


the dummy industry (1o9(t)). 


The values of DEPN, (1972) used in the sample calculation 
are shown in Table F-1l. The procedure adopted to obtain them will 
now be discussed. The total depreciation (depreciation of assets 
produced by the construction industry + depreciation of “other 
assets") expense of most industries is available for Canada in 


1968 (46), and for Alberta in 1962 (44). 
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For other industries the value of total depreciation expense was 
obtained from the DBS catalogues pertaining to these industries (51, 
5/7, 60, 61, 62, 63, 64, 77, 81). Apart from two exceptions the 
value of DEPN, (1972) was obtained for each industry by subtracting 
the depreciation expense due to assets produced by the construction 
industry (determined in Appendix D) from the total depreciation ex- 
pense. For the crop farming industry and steel pipe and tube mills, 
DEPN, (1972) was made equal to coMmpog , (1972). The latter variable 
was then equated to zero. 

It should be remembered that cOMPog 1 (1972) represents 
the "other expense" of industry k. Thus the new (after the in- 
corporation of DEPN, (t) into the model) value for coMmPog 1 (1972) 
is obtained by subtracting DEPN, (1972) from the old (as estimated 
in Appendix D) value of comPog , (1972). If the two exceptions had 
been treated similarly to the other industries then DEPN, (1972) 
would have been greater than the old value of compog , (1972). Thas 
~ would have resulted in the new value of comPog (1972) being nega- 


tive. This would not be acceptable. 
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Tables G-1 and G-2 contain the results obtained from the 
use of the nonlinear wellhead petroleum price (constant-value 1972 
dollars), shown in Table VI-3. Table G-1 shows the differences in 
the values of FLA(k), 1 < k < 28, which would result from changing 
the wellhead natural gas price profile while maintaining the low 
wellhead crude oi1 price profile. Table G-2 shows corresponding 
results for the high wellhead crude oil price profile. 

Tables G-3 and G-4 result from the use of linear wellhead 
petroleum price (constant-value 1972 dollars) profiles as shown in 
Table VI-4. They also show the effect on the FLA(k) values of 
changing the wellhead natural gas price profile while keeping the 
wellhead crude oil price profile constant. 

Tables G-5 to G-8 show the results obtained from using 
wellhead petroleum prices based on the assumption that 


the value of the dollar in year t 1 aih03 
the value of the dollar in year t+] 
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*RESULTS FROM NON-LINEAR WELLHEAD PETROLEUM 
(LOW CRUDE OIL) 


PRICE PROFILES 


BEAC ) 
EEAG 2)) 
CEA 3) 
FLA( 4) 
FLA( 5) 
FLA( 6) 
EEA 7) 
EEAG 8} 
EEAC 9) 
FLA(10) 
ELAC€IL) 
FLA(12) 
GLA CTS) 
FLA(14) 
ELA CES) 
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*PRICES WERE IN CONSTANT~-VALUE DOLLARS 
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GAS 
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GAS 
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*RESULTS FROM NON-LINEAR WELLHEAD PETROLEUM 
(HIGH CRUDE OIL) 


PRICESPROPILES 
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*PRICES WERE IN CONSTANT-VALUE DOLLARS 
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*RESULTS FROM LINEAR WELLHEAD PETROLEUM 


PRICE PROFILES (LOW CRUDE OIL) 
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AE AE AE AK AE OK AE BS EK OK 


CONSTANT 
GAS 
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*PRICES WERE IN CONSTANT-VALUE DOLLARS 


AE AE HE AS AE ACE BE AK KE OIC 2 
*RESULTS FROM LINEAR WELLHEAD PETROLEUM 
(HIGH CRUDE OIL) 


CONS TANT 
GAS 


1.015 
Deo es 
1.018 
1.017 
Des ORAS 
1.016 
1-015 
1.016 
Pao 
Pele 
1.015 
Peule 
1.018 
1.015 
ReoOLS 
1.015 
1.015 
Pepys 
1.015 
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TABLE (G-4) 


LOW 
GAS 


1.021 
ecee 
1.021 
1.021 
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1.020 
Peuits 
Teocu 
1.022 
1.020 
eur 
1.020 
1.022 
1.019 
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1.019 
1.022 
1.019 
ie OLS 
1.020 
1-020 
eins 
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1.056 
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1.041 
1.018 
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GAS 


Pe030 
1.027 
PouZzt 
1.026 
Nest ols 
1.026 
1.024 
ety Oras! 
LeO2i 
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1.025 
1.026 
peOZzt 
1.025 
1.025 
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VeOs2 
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eee 
1.027 
1.026 
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1.036 
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eu ist 
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1.025 


HIGH 
GAS 
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1.032 
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1.031 
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1.030 
1.028 
1.030 
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1.030 
Pe029 
1.030 
1.031 
1.029 
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1.040 
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Peu29 
Pe0s2 
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1.046 
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TABLE(G-5) 
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*RESULTS FROM NON-LINEAR WELLHEAD PETROLEUM 
{LOWS CRUD ESG Li) 


PRICE PROFILES 
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*PRICES WERE IN REDUCED-VALUE DOLLARS 


CONSTANT 


GAS 
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1.017 
Pe U1LG6 
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1.018 
1.016 
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HIGH 
GAS 
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*RESULTS FROM NON-LINEAR WELLHEAD PETROLEUM 
(HIGH CRUDE OTL) 


PRICE PROEIEES 


FLA( 1) 
FLA( 2) 
FEA( 3) 
FLAC 4) 
FEAC 5) 
FEAC 6) 
FEAC ©) 
FLA( 8) 
FEACES) 
FLA(10) 
FLA(11) 
FLACI2) 
FEA(LS) 
FLA(14) 
FEACTS) 
FLA(16) 
FEACT?) 
FLA(18) 
FLACLS) 
FLA(20) 
FLAC 21) 
FEAGZ2) 
FLA(23) 
FLA(24) 
FLA(25) 
FLA(26) 
FEACZ¢) 
ELACZ3) 


*PRICES WERE 


CONS TANT 


GAS 


1.025 
1.030 
1.030 
eer 
1.025 
L-02% 
1.026 
re0Ze 
PeQ3l 
1.028 
Fs025 
1.027 
1.030 
1.025 
1.025 
1.024 
1.925 
1.025 
1.025 
1.026 
Pero2> 
1.025 
1.020 
1.083 
1.015 
LeOLtl 
fete 
ele 


LOW 
GAS 


e035 
1.036 
be03s 
1.034 
LeO3% 
Pe033 
1.031 
e033 
0.036 
1.034 
1.031 
1.033 
1.036 
1.032 
1.031 
1.031 
1.036 
Pe03t 
1.031 
1.034 
Pe0ss 
Le032 
1.036 
1.084 
1.020 
1.065 
Raev2s 
1.031 


MEDIUM 
GAS 


1.046 
1.043 
1.042 
1.041 
1.051 
1.040 
1.038 
1.040 
1.043 
1.040 
1.038 
1.040 
1.042 
e039 
1.039 
P2039 
1.048 
Peu33 
Ls039 
1.042 
1.041 
1.041 
L053 
1.086 
1.026 
1.106 
1.036 
1.038 


IN REDUCED-VALUE DOLLARS 


HIGH 
GAS 


1.055 
1.048 
1.047 
1.047 
1.061 
1.046 
1.043 
1.045 
1.048 
1.046 
1.044 
1.046 
1.048 
1.045 
1.045 
1.045 
eu] 
1.044 
1.045 
Ls049 
1.048 
1.048 
1.067 
LeO3% 
1.032 
eves 
1.042 
1.044 
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*RESULTS FROM LINEAR WELLHEAD PETROLEUM 


PRICE PROFILES (LOW CRUDE OIL) 


Piatt) 
FLA(14) 
FLA(15) 
FLA(16) 
ERA.) 
FLA(18) 
FLA(19) 
Pl bad 71 
EUACZT) 
FLA2Z2) 
FLA(23) 
FLA(24) 
roe. tae 
FLA(26) 
FLA(27) 
ErACZS) 


CAB ee CG 172) 


She se Se le ste She tet. 
FRE AS HK AS AE AS HE KE OK OK AS 


CONSTANT 
GAS 


1.016 
eee 
they Oe) 
1.018 
1.016 
Lg OM ef 
1.016 
eG ier 
1.020 
1.018 
1.016 
Lo i bell 
be de te 
Poors 
1.016 
Pein 
1.016 
1.016 
1.016 
reine 
1-016 
1.016 
Ue Bo 
Deus 
1.009 
1.007 
1.014 
1.016 


LOW 
GAS 


1.026 
iy BIS) 
beryl Wis) 
1.024 
1.029 
1.024 
1.022 
LA Oe e 
1.026 
1.024 
1.022 
ee Ore 
1.025 
1.023 
1.023 
bata 8 oy’ 
1.028 
1.023 
egg 8 Fa 
1.024 
1.024 
e024 
1.029 
1.059 
1.015 
ecg Be) 
ee 
eee 


MEDIUM 
GAS 


1.038 
Wes 
VeUse 
e032 
1.043 
1.032 
1.030 
eu 
Pe 353 
Lhpy baci 
1.030 
1.031 
eas 
1.031 
Peco. 
PeGo 
1.041 
1.030 
1.031 
1.034 
1.033 
1.033 
1.047 
1.061 
1.021 
1.104 
ee 
1.030 


*PRICES WERE IN REDUCED-VALUE DOLLARS 


HIGH 
GAS 


1.047 
1.038 
1.038 
gy 8 Me Ys 
1.054 
1.038 
eu 
Bea's 
1.038 
West 
1.036 
1.037 
1.038 
Poos7 
Post 
het 8 ei 
hey Cara 
1.036 
1.037 
1.041 
1.040 
1.040 
1.061 
1.063 
1.026 
ree 
1.035 
1.036 
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B20 


TABLE (G-8) 
HEE aK 2k aK ak ake ak 2k ak 


*RESULTS FROM LINEAR WELLHEAD PETROLEUM 
PRICE VPROFI CESS (HIGHECRUDE? O1L) 


CONSTANT LOW MEDIUM HIGH 
GAS GAS GAS GAS 

FLA( 1) 1.025 1.034 1.045 1.054 
EAL 2) 1.031 1.036 1.043 1.048 
EAL 3) 1.030 1.035 1.042 1.047 
FLA( 4) Pee 1.034 1.041 1.046 
EEA.) 1.025 pe0St 1.050 1.060 
FEAT 6) £027 1.033 1.040 1.045 
FLA( 7) 1.2026 1.031 1.038 1.043 
FLA( 8) 1.027 1.033 1.040 1.045 
East 9) eS | 1-036 1.043 1.048 
BPEACIO) 1.028 1.034 1.040 1.045 
FRA(11) b.025 1.031 1.038 1.044 
FLA(12) 1.027 1.033 1.040 1.045 
EGALI3) 1.030 1.036 1.042 1.047 
FLA(14) 1.025 1.031 1.039 1.044 
RUA 1 5) 1.0625 be0s1 1.038 1.044 
FLA(16) 1.025 1.031 e036 1.044 
FLA(17) 1.025 1.036 1.048 1.057 
FLA(18) e025 Pe03t 1.038 1.044 
Peer ek) 1.025 LeO Sa 1.038 1.044 
FLA(20) 1.026 1.033 1.042 1.048 
EUACZ1) Ls 025 be052 1.041 1.047 
FLA(22) 1.025 euac 1.041 1.047 
ELAS) 1.020 1.035 1.052 1.065 
FLA(24) 1.083 1.084 1.086 1.087 
ELACZ} 1.015 1.020 e026 1.031 
FLUAUZS} ite iad 1.065 1.106 Vein co 
FLA(27) 1. O23 1.029 1.036 1.042 
FLA(28) 1.025 1.031 1.038 1.044 


*PRICES WERE IN REDUCED-VALUE DOLLARS 
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S288 


ag 


£40ei 


taao BUIAV-OIQUNSA WI ABW Z49I998 


- 


- 

_ 

a 
a 


TEAK FEA A FS IS IS AS IE SK 


TABEE(G—29) 


SREQUIRED) REVENUES OF STHE GHEMICAL INDUSTRY 


(LOW CRUDE OIL PRICES y CONSTANT-VALUE DOLLARS) 


ViEAr 


POr2 
Lg 73 
EDL 
1 OE eB 
E916 
no 
Tois6 
Ego 
1980 
1981 
Do oe 
1933 
1984 
tS ae Be: 


mr AB EES G—9)) 310 


CONSTANT 
GAS 


1.000 
1.009 
1.018 
1.029 
1.038 
1.047 
1.056 
1.064 
BeOR? 
1.081 
1.089 
1.097 
1.2106 
Pelr2 


{G-14} 


LOW 
GAS 


1.000 
L.O037t 
1.070 
1.089 
1.103 
1.116 
iel29 
1.140 
17150 
ie l63 
Lelto 
else 
1.201 
bez 


MEDIUM 
GAS 


1.000 
14057 
1.087 
1.108 
lel2id 
Peas? 
Lolts 
beat 
eae 
Lees 
1.283 
1.312 
iso 
ee ES 


HIGH 
GAS 


1.000 
1.099 
15171 
15202 
le222 
1.236 
1.266 
1.329 
1.447 
1.459 
1.460 
1.474 
1.496 
1.514 


RESULTED FROM NON=LINEAR PROFILES 
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gees 
os 


- 2 


3 ) 87 (@-d1 23584 
22473005 SAP S<vOn BONY OFF ASH FP I-0 inca 


TABLE(G-10) 
AK IKK I A 


He sie Hk oc 
Pe AR AR 


REQUIRED REVENUES OF THE CHEMICAL INDUSTRY 


(HIGH CRUDE OIL PRICES y» CONSTANT-VALUE DOLLARS) 


YEAR 


CONSTANT 
GAS 


1.000 
be Ol 
V.023 
16036 
P.05) 
1.067 
1.083 
1.098 
1.114 
1-131 
1.149 
1.167 
1.189 
We2h5 


LOW 
GAS 


1.000 
1.039 
1.074 
£097, 
bells 
1.135 
Leto 
1.174 
beak 92 
1.214 
1.235 
Be25T 
1.285 
Bes 


MEDIUM 
GAS 


1.000 
£6039 
1.091 
Be bh5 
1.140 
Pal6a 
1.200 
Be232 
1.268 
1.305 
1.343 
1.382 
1.425 
1.475 


HIGH 
GAS 


1.000 
1.101 
1.176 
1.209 
be235S 
1.256 
be293 
1.363 
1.490 
1.510 
1.519 
1.544 
1.580 
beGvt 
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-_ Aas aaa ‘ae 
eessas7s ee 


7 
7 


7 
- 
a 


a 7 


. ns a 7 ; a 
- a 
- 3 nae ing ae bie — == 
- mere a “3F. pueed =s 
ye =e 7 nr | ad 
-_ 7 — : . 


CAB EE CG ie} 


AE AE SK EOE OC 2K OK OK 3ic 2K 


REQUIRED REVENUES OF THE CROP FARMING INDUSTRY 


(LOW CRUDE OIL PRICES 


YEAR 


Pee 
2 WS) 
1974 
EOS 
UMS Mi ihe: 
ihe WE 
Loue 
1979 
1980 
1981 
Pose 
BIoS 
1984 
1985 


CONSTANT 
GAS 


1.000 
eo tT 
1.023 
bec 
1.046 
1.056 
1.066 
1.076 
1.085 
P0977 
1.107 
ya it A 
1.128 
ers? 


» CONSTANT-VALUE DOLLARS) 


LOW 
GAS 


1.000 
1.028 
1.053 
1.072 
1.085 
1.097 
eeu 
tebe! 
Petoe 
1.146 
Peis 
TeLro 
1.184 
1.196 


MEDIUM 
GAS 


1.000 
1.040 
1.064 
1.083 
1.099 
1.116 
Poros 
Peis 
1.176 
12199 
1.222 
1.244 
1.267 
1.290 


HIGH 
GAS 


1.000 
PeOG2 
1.114 
bers? 
12156 
1.169 
1.191 
Pee oe 
1.306 
1.320 
1.326 
Nis) 
hae Hy 
erore 
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A, 
ok He a 


TABLE UG=12 9 


se te He se 
AER AS AE OK 


REQUIRED REVENUES OF THE CROP FARMING INDUSTRY 


(HIGH CRUDE GIL PRICES y CONSTANT=VALUE DOLLARS) 


YEAR 


Le 2 
L735 
1974 
ee MY fs: 
1976 
171 
1978 
Lao 
1980 
1981 
1982 
1983 
1984 
1965 


CONSTANT 


GAS 


1.000 
1.014 
1.029 
1.045 
1.062 
1.081 
SAP ED 
Lace 
1.141 
1.162 
1.185 
be 209 
poeou 
Dee h0 


LOW 
GAS 


1.000 
1.030 
1.059 
1.081 
1-101 
1.123 
1.144 
1.166 
1.287 
bs Akh 
isco 
1-262 
1.293 
1329 


MEDIUM 


GAS 


1.000 
1.042 
1.070 
1.093 
1.116 
1.142 
1.170 
WS ees) 
lL. 282 
1.265 
16299 
1.335 
1.376 
1.423 


HIGH 
GAS 


1.000 
1.067 
12120 
1.149 
belie 
1.195 
1.225 
1.276 
1.361 
1.385 
1.403 
1.430 
1.466 
1.505 
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REQUIRED REVENUES OF THE ELECTRIC POWER INDUSTRY 
(HIGH CRUDE OIL PRICES y CONSTANT-VALUE DOLLARS) 


YEAR 


LG 
1973 
1974 
WVS 
1976 
EST, 
1978 
5on9 
1980 
BIS 
1982 
1983 
1984 
1985 


CONSTANT 


GAS 


1.000 
1.009 
¥e,019 
1.030 
1.043 
Lea eT 
1.071 
1.083 
1.095 
1.109 
i283 
nes is 
1.154 
1.173 


TABLE (G-13) 


4 
HEA A 2K BE aK aK HE A 2K 2K 2K 


LOW 
GAS 


1.000 
1.054 
1-100 
1.2126 
1.145 
1.166 
1.187 
1.204 
HeZa 
1.242 
1.262 
1.283 
1.308 
be 335i 


MEDIUM 


GAS 


1.000 
1.085 
LM 27) 
We aG 
1.186 
12220 
1.260 
1.298 
1.344 
Ke 390 
1.437 
1.485 
ees, SIT 
1.596 


HIGH 
GAS 


1.000 
bet ds 
1.262 
1.305 
e437 
ao 
1.409 
1.514 
1.707 
1.723 
1.723 
1.749 
120 
1.830 


Bye.) 


ss  . 
YRTZUGn) 52 


(2AAdSO af 
_ 4 
HIN =| MU OR a 
“40.  ###$ @A9 Aa é 
600.5 on0.t OO0.f 200.4 r 
HE bed 90.4 Mt $00. &€ 
Wehas- 7554! i, or 2s 
20st = BEE S5iel GED 
Bess OG5..i Dolor = FAH 
es |S aif OSL 
40 f gvs.f #0461 ‘€29.1 
FOr. aE .t iss. GOOef 
cs ear OF£.! SPSel 2) Ot 
“S8st 20 FES SdS.1 eSi-f 
PPT o4 @2¢.1 £854 Téiat 
HRT » a rt. BOEst j§§§ #8461 | 
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REQUIRED REVENUES OF THE ELECTRIC POWER INDUSTRY 
(HIGH CRUDE OIL PRICES , REDUCED-VALUE DOLLARS) 


GEAR 


Voie 
ST sie} 
1974 
O75 
1976 
EOL. 
Lo78 
Eo be, 
1980 
tos ltea 
1982 
19:33 
1984 
1985 


CONSTANT 
GAS 


1.000 
1.013 
1.027 
1.042 
1.060 
1.081 
1.103 
Pelb23 
1.145 
lie O09 
Veil95 
eeeo 
e256 
1.294 


LOW 
GAS 


1-000 
1.062 
1.2120 
1.158 
esd Oe 
1.228 
1-266 
1.302 
1.338 
1-381 
1.426 
1.474 
eood 
1.594 


MEDIUM 
GAS 


1.000 
1.094 
1.148 
16191 
ict 
ere 
Ierso2 
1.416 
1.492 
Lenore 
1.658 
1.750 
Peool 
1.968 


HIGH 
GAS 


1.000 
1.2165 
Rese Wl 
1.354 
1.406 
1.454 
l.>33 
1.683 
1.954 
2-008 
2-050 
22128 
Zeeee 
Zeok 
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oes. ess.t 0.t 
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APPENDIX H 


LISTING OF COMPUTER PROGRAM 
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PROGRAM LISTING 


THE MAIN PROGRAM ESTIMATES THE L(KyT) VALUES , FOR EACH 
YEAR FROM 1973 TO 1985 » WHICH RESULT FROM SPECIFIED 
RPO(T) AND RPG(T) PROFILES. THESE L(K,T) VALUES ARE THEN 
USED TO CALCULATE THE REQUIRED REVENUES OF EACH INDUSTRY 
IN 1985. SUBROUTINE AV THEN CALCULATES THE FLA(K) VALUES 
CORRESPONDING TO THE 1985 REQUIRED REVENUES. 


DIMENSION G(28),COMP(28,28),C(28528)4A( 28528), 

TUN See Ou AC lS) ALCS) 5 AR 13) sRL(28) 5B 28428) +i 26).5 
IR(28),W(28) ,RPO(13)-,RPG(13),CC(3),DD0(3),RL26(13), 

1 RUTH(28) ,RL14(14),RL15(14) sFLA(28),M( 28) ,H(28) 


THES Vev 2A VALUES) OF COMP (J.K) ARE READ AN. 


DO 102 K=1,28 

READ( 5,103) (COMP(J 9K) ,J=1, 28) 
103 FORMAT(14F5.3) 
102 CONTINUE 


G(K)=1.0-PROF(K,1972)-BIE(K,1972) 


READ( 5,100) (G(K),K=1,28) 
100 FORMAT(14F5.3) 


AGOL)GREPRESENTS AC(T) . AI(1) REPRESENTS AI(T). ART) 
REPRESENTS AR(T). AC(T)sAI(T),AR(T) ARE READ IN FROM 
LBUu2R 1 GF1985 


READ (S90 (UAC GIs ble h3 3) 
READ( 5,107) (CAL CI) 5 1T=15123) 
READ(5,107)(AR(1I),1=1,13) 


ST O7UFARMAG IS F4 te) 


IN EQUATION (A-6) THE VALUE OF A(JyK) IS 0-60 » THE VALUE 
GEABCUSK) TIS 1505, AND THE VALUE OF C(J,K) IS 1.0. 


DO 108 J=1,28 
DO 109 K=1,28 
A(JsK)=0.0 
C(JsK)=1.0 
B(JyK)=1.0 
109 CONTINUE 
108 CONTINUE 


SPECIFICATION OF AlJyK) AND B(JyK) VALUES USED IN 
EQUATION (A-7)e AlJsK) REPRESENTS Z(JeK) 


A(14,2)=9.0 
A(14,3)=9.0 


(88 ) 129 (8S e851 96096 (a319 


+ (8S)ie4 SB (ELAS A ELDT AG LELVIOy BS 8SIUT  ” 
efES%. EPDIeL CL IDA L ELIOGMs LOS 1H, 16S) 
(25 Filet O5PL19, (OLD 2T IA (OL DOT IA (BSIRTUR i - 


eM CASK 398 (Me LS9MOI FO S3UsAV STOLE aur 


| OS, 22m sor aad 
(BS yl@L et MeL PGMODIEDL ec GAA i J 
(&.2341 ) TAMSOF _— 
b aUUT THOS 


{STP Ey MI BIBACSTO Le A) AONI—“Os Tet MID J 


tASeDeae( m0) (001,2)0KIA 
; 4.2500) TAMADT COL 


(PPRA CATUIA QtHSz4NG58 LIVIA . FT)OM ZTHB2TRG mast ae . 
MGh= ME GaSh SHA iT) HA, (TILA ( TDA a Pe 2 at seas 7 
eBel _ 

(Elyfeby OT PIAd(TOL~2IQAIR OF 

CElefely( 1) TAN4FOL¢2)QAan - 


teleiel alia ths hh mr A.W 
: SEs aG AN “Tor ' 


3 )AW SHE), GeO BE Case tA WO SusAV BHT Gama ae 
eOcl ET Utght FO 2UJAV HT QUA ». Dak tt taytsa <- 


Bored 


33] 


PROGRAM LISTING eee (CONT'D) 


A(14,4)=9.0 

A(14,7)=39.0 

A(14,23)=19.0 

A(14,25)=19.0 

A( 14,26) =39.0 

A(14,28)=19.0 

A( 15,27) =14.0 

B(14,2)=10.0 

B(14,3)=10.0 

B(14,4)=10.0 

B(14,7)=40.0 

B(14,23)=20.0 

B(14,25)=20.0 

B(14,26)=40.0 

B( 14,28) =20.0 

B(15,27)=15.0 

READ(5,2000) (RPO(I),1T=1,13) 

READ(5,2000) (RPG(1),1=1,13) 
2ZU00F FORMAT (ISF5 .3) 


CORECIMEINSYEAR@T REPRESENTS Lids )ic 
CROPECTRAGCATIONSUP RE (CJ) FOR. 197 2 


DO 3053 J=1,28 
RL{J)=1.0 
3053 CONTINUE 


CacuUul@iiontseUSED TO DETERMINE HeeVALUESOPEE (ar eatNmLoOS 
GaUIVIDEDSBYSP ())wINe 192. 
GCORULHGU) =Lt Js 1985) (551984) F——<——*«b CIF 1973) 


DO 6270 J=1,28 
RUTH(J)=1.0 
6270 CONTINUE 


CeCALCULATA GN®eURTCE.(1 )),l=l,37 FOR 1913. 
CeGG Uist Sec CE) SINS EQUATION CAS). 


CC(1)=AC(1)/(3-2+0.695) 
COCZVHATI(I)/ (S02-123505) 
CC(3)=AR(1)/(3 2242-395) 


C CALCULATION OF DD(I),I1=1,3 FOR 1973 
GC ™*DD CIN FAS*#D (EVV IN EQUATION GA-8). 


DD(1)=3.2/(3-2+0.695) 
DD(2)=3.2/(342-1.-305) 
DD(3)=3.2/(362+2 395) 


C R(K)=RO(K)/P(K) 


Lédvtahe4 vanes “i..8 
(£lel=lyh ERO “ 
ei 


olTeLdS 2IMBZSN9ISA TF PARY Ul C90) 
sY@i NOFA (ep4A 3 pote a 


gery 
BUS Tas 


a | oe 
‘sa hee 


eee) WE OLS SO SWAY 3HT su] maaTaa at 032u at) arm 
sSTOr MI (L)9 ¥8 v 
HOVER sb} 2e—-—2 laren gL s>i2Be tL }antL HTD , 


seret 5 €oleTe4 1090/90 
) wolTaue? “1 


208,045 


unas 7" 7 


aoe. -s id ebharth 


AOE. cae _Es\t_E 


PAR a 


PROGRAM LISTING eee (CONT'D) 


C W(K)=RG(K)/P(K) 
C SPECIFICATION OF R(K) AND W(K) FOR 1972 


DO 1000 K=1,28 
R(K)=0.0 
W(K)=0.0 

1000 CONTINUE 
R(24)=0.582 
W(26)=0.348 


LL=1l 
T=1973.0 
Cee ee eAND eRe oO eA LIME) SAREUREDULRED FORD S UMERK 
GC VAEUES (CAPITAL COSTS) WHEN APPLYING EQUATION: (A=22) 70 
Cay PARSAL 
Cee ee Se US EDO TO STORE THEAVAUUES OF RC l4) 7 EOR 
Ceo EEEREN ay EARS 
Capo Gel eUS SUS ED TOSS TORE WeeVAEUESOR. RISC Lo) COR 
Ce Ger eo ay GAR S 
RL14(1)=1.0 
RL15(1)=1.0 
CAC omUSEU SC ea hone ehhe. VARVATIDON SOR VARTA Bist oe Wisi Dee 
CerLORS EXAMPLES IE. L=2 THEN RPOCLLD SREPRESENTS RPOCTST4S) 
1 CONTINUE 
C ESTIMATION OF C(J,K) AND A(JsK) FOR YEAR T 
C ONLY €(26;K) AND A(26;K) CHANGE WITH TIME 
C THE OTHER C(J;,K) AND ACJ,yKIVALUES REMAIN 
C THE SAME AS WHEN THEY WERE READ IN 


A(26,1)=CC(2) 
A(26,5)=CC(2) 
A(26,6)=CC(2) 
A(26,17)=CC(2) 
DO 32 1=20;24 
A(26,1)=CC(2) 
32 CONTINUE 
A(26,16)=CC(1) 
AA Zoe ko) Cols) 
A(26,28)=CC(1) 
A(26,27)=CC(3) 
C(26,1)=DD(2) 
C(26,5)=DD(2) 
C(26,6)=DD(2) 
C(26,17)=DD(2) 
DO 33 1=20,24 
C(26,1)=DD(2) 


Sey 
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oot 
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i a 

T BASY ADA (3ctI4 OVA 1LHetID perce 
S500 Mile FOvAWS 1X. OSIA on oe 
WIAMSF 23UJAVi Ne VA QUA ite 


mL GAZA a 
on ae ways 


=." 
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PROGRAM LISTING eee (CONT'D) 


33 CONTINUE 
C(26,16)=DD(1) 
C(26,19)=DD(1) 
C(26,28)=DD(1) 
C(26,27)=DD(3) 


CALCULATION OF H(K) 
H(K)=THE SUM OF (A(SsK)/B(JeK))*COMP(J,K) OVER J 


DO 3 K=1,28 
HO=0.0 
DO 2 J=1,28 
H(K)=(A(S 9K) /B( JS 9K) ) *COMP (Jy K) +HO 
HO=H(K) 

2 CONTINUE 

3 CONTINUE 


CHANGE C(JyK) AND H(K) FOR THOSE INDUSTRIES WHERE 
CONSTRUCTION “1S; TREATED AS AVCAPITAL COST AND@IS 
REPRESENTED BY EQUATION (A-7). IN EQUATION (A-7) L(J) IS 
lieve tT eAND NOT TIME. Te. HENCE IT {IS SMOVED St OS THe 
RIGHT HAND SIDE OF EQUATION(A-19) AND IS INCLUDED IN H(K) 
RATHER THAN U(KyJ). 


DO 91 K=1,28 
DO 3002 J=1,28 
IF(J-14)3020,3001 ,3020 


SUCRE =o) 50024502, 5002 
S02 i= 2 1) 00265 051 a 3002 
SOC TSMEPUK=2) 500543051 43002 
3003 IF(K-3)3004 ,3051 ,3004 

- 3004 IF(K-4) 300543051 ,3005 
3005 IF(K-7)3006 13051 43006 
3006 IF(K-23)3007,3051,3007 
S00 te LE Ch 2.5 13008%5305145006 
S0G8 sl E(K=26)3009 7305 ly3009 
3009 IF(K-28) 3002 73051 ,3002 
3051 ClJsK)=0.0 


H(K)=H(K)+(RL(J)*COMP(JS9K))/B( 59K) 


3002 CONTINUE 


91 CONTINUE 


CALCULATION OF U(K oJ) 

IN NEW NOMENCLATURE EQUATION (A-19) IS 

THE SUM OF (U(KyJ)*RL(JS)) OVER J IS EQUAL TO 
H(K)+RPO(LL)*¥R(K)+RPG(LL) *W(K ) 


DO 9 K=1,28 
DO 8 J=1;28 
TECIJ—h)y 18 sGs is 
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PROGRAM LISTING eee (CONT'D) 


18 U(KyJ)=-( C(I 9K )/B (59K) ) *COMP (Jy K) 

GO TO 8 

UC Ky J) =G(K)-—(C (JS 2K )/B( SK) ) COMP (Jy K) 
CONT INUE 

CONT INUE 


0 Oo 


C INVERSION OF U 


N=28 

CALL ARRAY (2sNyNyNyNoUyU) 
CALL MINV(U,28,D,L 5M) 
CALL ARRAY (1sNyNyNyNgUyU) 


CHEST IMAT LONS OR GRE CK) 


DO 12 K=1,28 
RLO=0.0 
DUST Tes =14528 
RL(K)=U(K J) *(H(J)+RPO(LL)*RO J) RPG (LL) ¥W( J) )+RLO 
RLO=RL(K) 
11 CONTINUE 
12 CONTINUE 
RL14(LL+1)=RL(14) 
BHIDC LETTER 01S) 


CaREZEULDVANS }USED TQ STORE FHE VALUES OF RL(26) FORT EACH 
GeYEARSEROMBIC?3 10 1984 . THESE VALUES ARE REQUIREDSIFE 
GyCG(INSAND™DO(1) ARE 1G BE CALCULATEDGUP [f0)1985. 


RL26(LL)=RL(26) 
GaGALGULATION UF RUTH(JS9 


DO 6271 J=1;28 
RUTH(J)=RUTH(J)*RL (J) 
6271 CONTINUE 


C CALCULATION OF COMP(J,K) EQUATION(A-22) 


DO 14 K=1,28 

DO 5002 J=1;28 

IF (J-14)4020 74001 54020 
4020 IF(J-15)4002 ,4021 +4002 
4021 IF(K-27) 4002 54052 ,4002 
4001 IF(K-2)4003 54051 ,4003 
4003 IF(K-3)4004,4051 +4004 
4004 IF(K-4)4005 »4051 54005 
4005 IF(K-7) 4006 94051 »4006 
4006 IF(K-23)4007,4051 54007 
4007 IF(K-25) 4008 54051 +4008 
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PROGRAM LISTING eee (CONT'D) 


4008 IF(K-26)4009,4051 ,4009 
4009 ITF(K-28)4002 ,4051 ,4002 
4051 COMP(JsK)=((A(J,K)4+RL14(LL))/B( Sy K) ) ¥(COMP(J9K)/RL(K)) 


GO7TO1 5002 


4052 COMP(JsK)=((A(J9K)+RLI5(LL))/B( Sy K) )* (COMP (Jy K)/RL(K)) 


GORTO 5002 


4002 COMP(JSsK)=((A(S9K)4C (39K) *RL (J) ) JBC Sy K) ) *(COMP(J,K) 


PAG Ce 


5002 CONTINUE 


14 CONTINUE 


C CALCULATION OF R(K) EQUATION(A-25) 
C CALCULATION OF W(K) EQUATION(A-26) 


DO 15 K=1 28 

R(K)=(RPO(LL)*R(K))/RL(K) 

W(K)=(RPG(LL)*W(K))/RL(K) 
15 CONTINUE 


EeAB- Lie Gy tal) = (2651 —2)*——-—<- * (265 1912) t56c 
C CALCULATION OF AB 


GHiGiG) 


ALO=1.0 
D2 cig ee a ae 
AL=RL26(LL)*ALO 
ALO=AL 

31 CONTINUE 
AB=AL*3.2 
LL=LL+1 
T=T4+1.0 


CALCULATION OF GCC) OFOR@ YEAR. di CPREOM*DERLN bi TONS Ar LES 
EQUATION (A~-6)). 


COU) ACCES CABTACULE—1))) 
GCUZIEATUREY /ACABPAIN CUI) 
COIS) =AR(LE) /UABTARI( EE SI I) 


GALCULATION OF DD(1I) FOR YEAR T (FROM DEFINITIONS AFTER 
EQUATION(A-6)). 


DDGL)=AB/ CABTACILE=)))) 

DEUZ)=AB/AABT AL Ce =sis) 

DD(3)=AB/(AB+AR(LL=-1)) 

IF(T-1986.0)1,20;20 
20 CONTINUE 


FLA(K) IS THE INFLATION WHICH IF APPLIED EVERY YEAR FROM 
19 (300 Gel OBO ON LU BRING Shee RICE UEPaKe EFRUM ALES 
1972 VALUE TO THE 1985 VALUES PREDICTED BY JHE MODEL 


CEMPIANING I 


(18) SAN OR LISD TAT (AVE TGN CE LIPO T Taee | b 
(MyLI VOTH (Mok POWELL 3846 Nel DHE Ae 


a 
pdt iti HE 


Srila ee 


dayt=1- sei 


ona Sael 


H3TAa SAGLTINTAIG MOAT) T AABY AOA ANPDD 40 MOTTAIOT. 
+f (é-ab WO 
ee oe oe 


aN pasteh93. 


i Io akg 
eerie 


APteA tie rreaisea MOAa) aay #09, ir 


6957 


6958 


PROGRAM LISTING eee (CONT'D) 


CALLOAVCRUTHS FLA) 


WRITE(6,6957) 

EORMAT Gi sS0c, 8 VEC RORSEIEA® } 
WRITE(6,6958) (FLA(K) »K=1, 28) 
FORMAT(7F10.6) 

STOP 

END 
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SUBROUTINE AV 


C THIS SUBROUTINE CALCULATES FLA(K) VALUES IF GIVEN THE 
C REQUIRED 1985 REVENUES OF EACH INDUSTRY K 
C A TRIAL AND ERROR PROCEDURE IS USED IN THIS SUBROUTINE 


DIMENSTON RUTH(28),FLA(28) »X(14) 
DO 1 K=1,28 
FLA(K)=1.0 
YOY=r.0 
N=14 
R=0.01 
X(1)=1.0 
T CONTINUE 
DO 5 J=2,N 
X(J)=FLA(K) *X(J-1) 
5 CONTINUE 
HOH=(X(N)—RUTH(K))*® (YOY-RUTH(K) ) 
PeCHnOny 2 tisk 22 
Zier ens tO. 0 
Pov =xXCN) 
IF(ABS(RUTH(K)—-X(N))-0.-001)191,79 
OME CRUTHUK)=ACN)) Vast e Th 
11 FLA(K)=FLA(K)+R 
GOeitial 
12 FLA(K)=FLA(K)—<—R 
GORTLOR? 
1 CONTINUE 
RETURN 
END 
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